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PURPOSE OF THE APOLLO SYSTEM DESCRIPTION

The Apollo System Description is intended to provide Apollo

Program participants with a comprehensive and periodically up-dated

collection of program objectives, major milestones and flight tests,

principles of operation, and general description of equipment and

performance.

This document is not intended for use as a specification. It

does not set forth existing or contemplated requirements, nor does

it in any way modify or affect ar_ existing design, contract or sub-

contract.
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CHAPTER I PROGRAM INFORMATION

SECTION I

< GENERAL _

i-i MSC REI_f_0NSHIP T0iAPOLL0 ,.PROGRAM

1-2 INTRODUCTION

A large number of participating organizations all over the United States

are working at an accelerated pace toward accomplishment within this decade of

a three-man expedition to the moon with safe return. These include not only

various parts of the NASA and the Department of Defense, but also universities

and many industrial contractors.

The NASA organization is structured to bring all of the many areas of

effort together in an integrated fashion. Major responsibilities which must

be integrated into the whole include flight mission and its analysis, the design,

development and fabrication of many spacecraft and space modules, including the

space propulsion systems, and the development of launch vehicle stages. It is

further the responsibility of the NASA to integrate many areas of basic research

with development and to provide the overall management direction.

Although many of the NASA centers participate in and will contribute to

Project Apollo, the Marshall Space Flight Center at Huntsville, Alabama, the

Manned Spacecraft Center at Houston_ Texas, and the Launch Operations Center at

the Atlantic Missile Range bear the major responsibilities.

The Manned Spacecraft Center at Houston is charged with spacecraft develop-

ment and support of manned space flight missions. MSC provides a training center

for crews that will fly the Apollo and other manned space flight missions. The

lunar landing of the Apollo Spacecraft will be achieved as a culmination of a

carefully planned flight test program. The flight tests aim to develop the launch

<_ .......... i-i



vehicles, spacecraft, and operational techniques in "buildup" missions that pro-

gress generally from the simple to the complex.

1-3 MSCORGANIZATION

The Apollo Spacecraft Project Office at the MannedSpacecraft Center es-

tablishes the basis for coordination and direction of spacecraft development

through the appropriate organizational authorities and lines of communication

established with industrial contractors and others engagedin the effort of sys-

tems development for mannedlunar exploration. The general organization of the

MannedSpacecraft Center is shownon Figure 1-1. The functional division of the

Apollo Spacecraft Project Office is illustrated in block diagram form on FiEare

1-2.

1-4 ASSOCIATECONTRACTORS

General - Contractors, subcontractors and suppliers participating in nhe

manned spacecraft program provide the services required to accomplish develop-

ment, delivery and support of spacecraft, gro_id support, and trai_i__g equipment.

Responsibility - The technical administration and manageme!_t of spacecraft

development and support systems engineering is performed at the l_ASA-Ma_ned Space-

craft Center at Houston, Texas.

Associate contractors participating in the manned spacecraft effort _der

auspices of the Manned Spacecraft Center are listed into three mai_[ groups.

Spacecraft Guidance System Design

Massachusetts Institute of Technology

Kollsman Instrument Corporation - Manufacturing

Raytheon Compar_ - Marg_facturing

A. C. Spark Plug Division - Manufacturing

@

1-2
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APOLLO SPACECR/LFT PROJECT

M/LNI_D SPACECRAFT C_TER

6

RMSC0 - WSMR

Vehicle Preparation

Range Requirements

Facilities

Administration

RASP0 - Bethpage

Reliability-Quality Assurance

Manufacturing - Engineering

Administration

Flight Projects Office

Flig_ Planning

Trajectory Studies

Ballistic-0rbital-Lunar-Flight

Programs

Program Plans & Control Office
Finance - Contractor Control

Planning - Schedule Control

Facilities and Support

Spacecraft Systems Office

G&C

Guidance Systems

Control Systems

SP0 - Boston

RASP0 - AMR

Vehicle Preparation

Range Requirements

Facilities

Administration

RASP0 - Downey

ReliabilityooQuaiity Assurance

Manufacturing - Engineering

Administration

Systems lutegration Office

Mission Engineering

System Specifications

Operations Checkout

GOSS

Vehicle Lutegration

Spacecraft Systems 0ffice_ L_

Design Control .

Flight Technology

Crew System

Electrical-Mec.aanical-Ch_mical

Systems

Spacecraft Systems Office

C & SM

Design Control

Flignt Tecanology

Crew Systems

Electrical-MechanicalooChemical

Systems

Figure 1-2 Organization of MSC Apollo Spacecraft Project Office
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Lunar Excursion Module

GrummanAircraft Engineering Corporation
Rocketdyne, Incorporated - Propulsion Engines
Other sub-system contracts are being negotiated

Commandand Service Modules

North American Aviation, Inc.
Collins Radio Company- Telecommunications
Minneapolis-Honeywell Company- Stability Control System
Aerojet-General Corporation - Service Module Engine
Garrett Corporation - Environmental Control System
Marquardt Corporation - Reaction Control Engines
Avco Corporation - Heat Shield
Lockheed Aircraft Corporation - Gas Storage System
United Aircraft Corporation - Fuel Cells
Thiokol Chemical Corporation - TowerJettison Motor
Northrop Corporation - Parachute Landing System
WestinghouseElectric Corporation - Electric Converter Unit
Melpar, Incorporated - BeaconAntennas
Aeronca Manufacturing Corporation - HoneycombPanels
Sperry-Rand Corporation _ In-flight Systems
Eagle-Picher Company- Re-entry Batteries
Transco Products, Incorporated - Telemetry Antennas
Bissett-Berman Corporation - Engineering Studies

1-5 PROGRAM PLAN

1-6 INTRODUCTION

The program plan that is presented provides a general description of

Project Apollo philosophy, objectives, general requirements, and the sequence

of planned developments.

1-7 OBJECTIVES

General - The objective of the Manned Lunar Exploration Program is to

carry out a series of manned expeditions to the moon for the purpose of conduct-

ing exploration of the lunar surface. In implementing the design and operation

of the whole Apollo System toward this objective there are three inherent goals

which are embodied in the program. These are described in order of decreasing

priority.

1-5



Crew safety and mission s'mccess are primary considerations and all system

factors are developed to minimize the number of crew fatalities per mission suc-

cess. Crew safety means the safe return of all three crew members _nether or mot

the mission is completed. Mission success means the safe return of all t_hree

astronauts from a completed lunar landing mission.

A secondary goal is that of accomplishing a ma_:ed l_.ar landing mission

at the earliest possible date. This is a national objective to be accomplished

within the bounds of available resources but not at the expense of confidence in

crew safety and mission success.

A third goal is or_ of making maximum accommodations i_ the Apollo systems

design and operation and deriving maxim_m information from all misslo_s toward a

troader base of lunar activities. _nis goal, although important, is last i_ order

of priority.

Growth Development - Detailed objectives for each lu::ar mlssi_::: deperd o_

the k_:owledge gained through ur_nar_ed missior.s prior t_':Apoll_ a:_d _po_ ._io_es-_c-

cess of precedi._g Apollo missions. L___ar far±cling of a mar±z_ed vehicle will _e

preceded by confirmation of certain system desig_ a_.d performa::_ce parameters as

well as measurement of in-flight and l_ar s_rface e_.viro_e_.ts i_. "_:::_.a:"!eda_d

manned l_ar flights.

Design of the spacecraft takes into acco_:_ the consideratior, of deslra_le

features for follow-on missions beyond the in.itial Apollo mlssio:':s. Examples are

the removal of landing site, stay-time, a_d day-night restrictio:_±s a:::dprovis_o-s

for separately-landed l_ar support.

Mission Okjectives - Mission definitior_s will represe_:.t a pla_:__ed program

for a series of spacecraft flights leadir_g to l'ar:ar la_di_gs "__pto __t :'_oti-.-

cluding the establishment of a permaner_t lunar Y:ase. All missio:_s from _z_r_a_.ed

developmental to the manned lunar landings will _e carried out accordi:'g tc de-

i-6
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tailed mission plans that will include specific actions to be taken in the event

of foreseeable failures during ar<v mission phase. The system design must be such

that the entire crew will have a high probability of survival after any single

failure. The lunar mission requires that two men be landed on the lunar surface

with sufficient mobility that they be able to move beyond the area disturbed by

the landing maneuver to permit significant exploration of the moon. It is ex-

pected that the objectives will be accomplished through a proper combination of

vehicle configuration, design, and system operating philosophy.

1-8 GENERAL REQUIREMENTS

Configuration for Lunar Landing - The space vehicle configuration consists

of S-IC, S-If, and S-IVB stages in the lao_nch vehicle and a spacecraft consisting

of Command, Service, and Lunar Excursion Modules and an Adapter and Latmch Escape

System. The spacecraft is provided with life support, communications, navigation

and guidance and other systems that will permit it to accomplish the plarm_ed l__ar

mission, modify the mission, or abort safely without assistance from the earth. It

is possible for a single astronaut to control either the Command Module or the

Lunar Excursion Module.

Ground Support Equipment - In order to perform a particular mission, a

specific launch vehicle and payload must be available, assembled, checked out, and

static-tested prior to the given launch date. All lhmctions necessary to support

the operation of receiving, handling, assembly, test, checkouts, and launch of the

space vehicle are performed by Ground Support Equipment (GSE).

Launch Facilities - Missions will originate at the Atlantic Missile Range

(AMR), Cape Canaveral, Florida. A number of geometric and dynamics factors must

be considered in the launch-ascent phases of a mission including the interrelation

of lunar declination, launch delay, launch azimuth limits, lunar flight time, and

i-7
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landing site location. The Launch Control Center (LCC) controls the launch opera-

tion until some specified point in the launch phase, at which time the Integrated

Mission Control Center (IMCC) assumes primary responsibility for ground control°

Mission Control - During launch_ tracking facilities at AMR are u_iiized to

provide input for flight-data analysis and control° Guidance is accomplished

by the Launch Guidance System contained in the Instrumentation Unit. The func-

tion of the Spacecraft Guidance System is the monitoring of the trajectory as a

measure of system performance° Adequate communications and tracking equipment is

provided between the spacecraft and the earth to permit the Integrated Mission

Control Center (IMCC) and Ground Communication and Tracking System (GCTS) to

monitor the performance of all pertinent equipment and condition of _he astronauts°

Ground Operational Support - The Ground Operational Support System (GOSS)

complexes provide the facilities to permit, an adequate flow of data_ communi-

cations and commands between the earth and the spacec_afZo Throughout the mis-

sion the primary responsibility for command remains on earth with the IMCCo This

responsibility may be delegated by !MCC to tlhe astronauts in the spacecraft or

to some other earth-based site under special conditions° For example_ the IMCC

may order an abort° Missions are to be conducted in accordance with a detailed

plan including the actions to be taken in case of emergencies°

Mission Criteria - The lunar landing mission will be accomplished by using

the Lunar Orbit Rendezvous (LOR) technique° The Apollo spacecraft is in$ected into

a translunar trajectory by the S-IVB third stage_ the spacecraft adapter and the

S-IVB stage are jettisoned] and the LEM is repositioned_ During the translur_ar

trajectory, the spacecraft is controlled to enter a circular lunar orbit and is

injected into the lunar orbit by the SM propulsion system_ The 1/94.is separated

1-8
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from the CSM and follows an equi-period transfer orbit to pericynthion. At

pericynthion the LEM descent rocket engines are ignited, and descent to the

surface of the moon is effected. After a lunar stay of up to 24 hours, the

Lunar Excursion Module ascent stage boosts to rendezvous with the Apollo space_

craft. Following transfer of the astronauts and separation of the Lunar

Excursion Module, the Command and Service Modules are injected into a transearth

trajectory. The atmospheric entry is performed without the Service Module.

Earth landing sites in both Texas and Australia are anticipated in order to

reduce reentry range required for a i00 percent of the month capability° Site

selection will depend on lunar declination°

Reliabilit_ Goals - Reliability goals established by NASA for each of the

Apollo missions are a function of the nature of the mission and whether it is

unmanned or manned. The nature of the mission may be classified as suborbital,

earth-orbital, cislunar or lunar orbit, and landing missions.

The defined reliability and crew_safety goals for the Manned Lunar Landing

Program are as follows:

a. Mission Reliability - The probability of accomplishing the

mission objectives is defined as 0.90°

b. Crew Safety - Nominal - The probability that none of the crewmen

shall have been subjected to conditions greater than the nominal

limits, specified in design criteria, is defined as 0°90.

c. Crew Safety - Emergency - The probability that none of the crew_

men shall have been subjected to conditions greater than the

emergency limits, specified in design criteria, is defined as

0.999.

........ 1-9



d. LaunchVehicle - Reliability has been apportioned by NASA_with

a figure of 0.950°

e° Commandand Service Module _ Reliability has been apportioned_

with a figure of 0,960.

fo Lunar Excursion Module - Reliability has been apportioned by

NASAwith a figure of 0°988°

g. Ground Support Equipment

(To be supplied°)

ho GOSSComplex - Reliability has been apportioned with a figure

of Oo999°

i_9 GENERALDEVELOPMENTPLAN

General _ Prior to the first manned lunar-landing mission_ numerous flight

tests are required to gather fundamental information on the space enviro_eut_

to verify design concepts and hardware performance_ and to familiarize the

astronauts and ground personnel with operating procedures under normal and emer,

gency conditions° Along with data obtained in early Apollo flignts_ much iofor_

mation will be obtained from other programs°

A uniform set of design assumptions for the development of systems for

manned lunar exploration is to be estabiisned through an adequate engineering

model of the space environment and lunar surface conditions_

8

Space Vehicle Deveio[ment ,_Four different launch veaicle configurations

are scheduled to participate in the Apollo testing program, The first of these_

the Little Joe II Vehicle_ is to be used only for unmanned flights_ The payload

is a boilerplate or production CSM with escape tower and n@cessary instrumentation

to qualify the escape system at high altitudes_ A detailed description is

presented in Chapter 5_ Section XIV_ Little Joe II Description.

I -i0



The Saturn i Launch Vehicle is to be used for both mannedand unmanned

flights. Flight tests provide for testing the launch vehicle, Commandand

Service Modules, and CommandModule reentry from earth orbit°

The Saturn IB Launch Vehicle is to be used in connection with flight test-

ing the Command,Service, and Lunar Excursion Module combination in the early

development phase, and to provide launch vehicle developmental data.

The Saturn 5 Launch Vehicle is to be used in connection with testing the

spacecraft CommandModule at the reentry speeds encountered after return from

the lunar mission, as well as for the mannedlunar landing missions Develop-

ment schedules for the Little Joe II, Saturn i, Saturn IB, and Saturn 5 missions

are outlined under Chapter 5, Section XV, DevelopmentProgram Descriptions°

Training and Operational Support Development - Starting with the Saturn i

Launch Vehicle, manned flights are planned as training missions for the astro=

nauts and ground operational personnel. When the Saturn IB Launch Vehicle is

qualified for manned missions_ flight tests involving the complete spacecraft

are planned. The earth-orbital missions provide an opportunity for perfecting

various techniques and confirming operational planning and design requirements

for crew safety. The effectiveness of life support systems and man-machine

operational interfaces can be assessed with increasing confidence during this

phase.

The Saturn 5 Launch Vehicle and Apollo Spacecraft configuration represents

a carefully balanced design trade-off to insure flexibility throughout a range

of missions. The configuration will not only provide qualification of the

Apollo flight system but will as well develop earth-orbital, translunar and

lunar-orbital operations technology, which in turn can be extended to support

interplanetary exploration programs°

i-ii



Developme__t Fi_._= Schedule - The develcpmer.t program is expected ta pro-

ceed generally i:: the fJllewin_ order:

a., Satur-'_ i Launch Vehicle development

%,. Co,_a:_d Modvie prop_Ision system development

c. Service Mod¢le prop'_isio-u system developme:_t

d. Command Module stzuctural demonstration:

e. _irst mar-_ed Apollo (earth orkit) flight qualification

f. Spacecraft systems development (ms:Led)

g. Orew trai_:i::i_a__.dspacecraft developme-<t

_".. Sat,.,.rn 1B La:_:.ck :,'ehlcle development

i. l,'zuarExc'_rsi_):': Module prop'_is:kor_ system development

j. Sat':rn 5 La::,:':chVehicle development,

k. Rendezvc5.s development missions

_[. ,_'irst. ma.:r_ed Sat,')_r:, 5 fl:Lg }tt

_. L':IFC'_ITI]':.'I_aF m?iSSiCCi$

:'., Xak,.':_d boLar lat.ff:i:__ m:__sslct:s

Major m:iiest.,,nes of the Ape.If:, _rogram are sh::,_<. :-:t. Table 1.-1..

Pl_ig_:t. Devel_p_eL . S_.hed':Le :Ls sb.,_.:: i_':. Table 1-2

The Apol 1.c

7a_ le :.-!. MA: :,._ M::/Z:ST:3_S }' R _HE A_.::,:: PBJORAM

lJ

-Iw

41

MISS l :'KS

Spacecraft, R£D :_oxcepts

Research ,._Developme: t Sps.,ecraz <

_oa.lification of Pr_-,t:_%ype Spacecraft:

Markned Earth.-Orb:ital Missions

Cir C'_T_lu:':a.r Miss i<,:u s

Man-qe d T...._,___ar Landing .Mi.ss:Lnr_s

1969

A

JALENriA_ fEAR

1964 1

A

1965

A
A
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i-i0 MISSION DESCRIPTION

i-ii CONFIGURATION

Spacecraft - Gross welght estimates for the Apollo Spacecraft are_

Command Module -_9500 pounds; Service Module - 55000 pounds_ Lunar Excursion

Module - 250000 pounds_ Adapter -,3200 pounds; and Launch Escape System

6500 pounds° During launch_ tlmese components are arranged as shown on

Figure 1-3o

Launch Vehicle -For the lunar landing mission_ the Saturn 5 will boost the

S,-_IB _hird stage and _ne Apoiic Spacecraft into earthoparking orbit° Injection

into the transi-_lar phase will be accompilshed by the S-IVBo This configuration

is shown on Figure 1-4o

The first stage (S_,IC) is powered by five Rocketdyne F_I engines with a

total thrust of 7_5 million poo_ds_ Emgioe propellants are liquid oxygen and

RPol. The second stage _S,,II_ is powered by five Rocketdyue J_-2 engioes with a

total thrust of one million pounds. Engine propellants are LOX and liquid

hydrogen° _e third stage (S,-IVB) is powered by one Rocketdyne J_2 engine with

a thrust of 200_000 pounds° Emgine propellants are LOX and liquid hydrogen°

The interstage section between the second and third stage is comical and

remains with the second stage after separation_ An instrument unit containing

the Saturn 5 La,_nch Veaicle guidance and fligh_ control system instrumentation

is installed in the adapter between the Cnird stage and the Apollo Spacecraft_

1-i4
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Command Module - The Command Module of the spacecraft is the recoverable

command center where all crew initiated control fu_ctions are exercised. Major

systems and components of the Command Module incl:ade the foliow:ing:

a. Structural System (including heat protection)

b. Flight Crew

c. Crew Systems (including displays and controls)

d. Communications System

e. Instrumentation System

f. Recovery Aids

g. Electrical Power System

h. Guidance and Navigation System

i. Stabilization and Control System

j. Enviror_ental Control System

k. Reaction Control _ystem

i. Launch Escape System

m. Earth-landing System

n. In-flight Test System

Service Module - The Service Module config:aration includes the following

major systems:

a.

b.

C.

Structural System

Service Propulsion System

Reaction Control System

d. Supercritical Storage System

e. Emvirornuental Control System

f. Electrical Power System

g. Communication System

h. Instrumentatior_System ......

1-17



Lunar Excursion Module - Yhe Lunar Excursion Module includes the following

major systems_

So

b_

Co

do

eo

f.

g.

h.

io

j.

k°

Structural System

Yiight Crew

Crew Systems (including displays and controls)

Communication System

Ins_rlmmentation System

Electrical Power System

Guidance and Navigation System

Stabilizatiom and Ccmtrol System

Environmental Control System

Reaction Ccutrol System

Propulsion System

i-i2 MISSION PRO5 ILH

The Apelio Spa_eeraf% is launched from Cape Canaveral into an earth

parking orbit_ then into a transioImr trajectory by the Saturn 5 La_mr_ch

Vehicle. The LSS is jettisoned during second stage burn_ as soon as dynamic

pressure has reduced to the poi_t where abort can be acoomplished without it_

_he huoar Landing Missio_._ is ac_ompiisned by a Lunar Orbit Rendezvous

(LOR) mode Two of tlhe three crew members in the CM transfer to the LEM which

separazes and descends to the lunar surfa<e_ <The third crew member remains in

the CM orbiting the moon° After lunar exploration_ the two crew members ascend

in the LEM on a trajectory which permits remdezvous with the orbiting Command

and Service Module (CSM)_ After the LEM crew transfers to the CM_ the LEM

is jettisoned.

1-18
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The CSM is placed in a transearth trajectory and guided toward the reentry

phase by SM propulsion. The SM is jettisoned prior to entry into the earth's

atmosphere. The CM is decelerated for a safe landing on land or water by aero-

dynamic forces and maneuvers, and during the final phases of the landing sequence,

by parachute deployment° A pictorial representation of the Apollo mission is

given on Figure 1-5.
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SECTION II

SPACECRAFT OPERATIONS

2-1 NORMAL OPERATIONS

A typical Lunar Landing Mission time line summary is shown on Table 1-3.

The table lists the major mission events and typical times associated with the

various mission phases. A more detailed listing of the events that occur in

each mission phase is discussed in the following paragraphs.

2.2 PRE-LAUNCH

The Launch Operations Center is responsible for the over-all planning and

supervision of the assembly, checkout, and launch of the Apollo Space Vehicle

Systems at the Atlantic Missile Range (AMR).

Launch Complex 39, located within the Apollo Program Area at AMR, will

provide the facilities and equipment necessary to receive, final assemble,

check out and launch Saturn 5 vehicles with their payloads.

The pre-launch phase begins with delivery of the spacecraft to the launch

site and ends with the Saturn IC booster ignition.. Major events of the pre-

launch phase include the following:

a. Receiving and inspection of spacecraft components.

b. Spacecraft assembly and compatability tests.

c. Spacecraft systems test and checkout.

d. Flight readiness and acceptance tests.

e. Pre-launch preparation and servicing.

f. Pre-launch inspection and review.

g. Count down operation.

h. Launch operation.

- --m-- 2-i



2-3 LAUNCH

The launch phase begins with S-IC first stage ignition and ends with

S-IVB third stage first-burn engine cutoff as the spacecraft and the S-IVB

are injected into an earth parking orbit. Guidance for the ascent phase is

under the control of the Launch Control Center and is accomplished by

radio-inertial means.

2-2 ""
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MISSION PHA||

TIME

0 i i

PHASE

TIME

0

12 SEC

143 SEC

14B SEC

&SCENT

P

T" 0,196HII J,, ,,

EARTH

PARKING

OIMT

T" 2.92 HR

TRANSLUNAR

INJECTION

T" 3.01 HRJ,

150SEC

155 SEC -

54-4SEC

547 SEC

ET 706SEC,

0

10MIN

25 MIN

100 MIN

135 MIN

ETI63,7 MIN

0

2SE_
ET 314 SEC

0

O.SOHR

1.00 HR

1.3t MR

6.31 HR

TRANS LUNAR 7.00 HR

COAST

12.00 HR

17,00 HR

47.00 HR

• 52,00 Hi

T- _7,76 H|

LUNAR ORBIT

INJECTION

l- 07.1Lq NE

62.00 HR -_

63.75 HR --

ET 64.75 Hi
i ii •

0

2 SEC -

.ET_2sEc

MISSION EVENT

S-IC PROPI ILSION SYSTEM IGNITION

(_,PACE VtHIC LE LIFT-OFF)

SPACE VEHIC LIE PITCHOVER

S-IC I ENGINE CUT-OFF

S-IC 4 ENGINE CUT,OFF

S-IC SEPARATION

S-It ULlaGE ROCKET IGNITION

S-II PROPULSION SYSTEM IGNITION

LAUNCH ESCAPE SYSTEM JETTISON

S-If $ ENGINE CUT-OFF

S-If SEPARATION

S-WB ULLAGE ROCKET IGNITION (3 SEC)

S-IVB PROPULSION SYSTEM IGNITION

S-FVB ENGINE CUT-,OFF

POST INJECTION CHECK (10 MIN)

SYSTEM5 CHECKOUT (15 MIN)

EARTH ORBIT PARAMETERS CHECK (75 MIN)

PREPARATION FOR TRANSLUNAR INJECTION (30 MINI)

TRANSLUNAR INJECTION COUNTDOWN

$-IVR ULLAGE ROCKET IGNITION (4 SEC)

SolVB PROPULSION SYSTEM IGNITION

S-IVB ENGINE CUT-OFF

POST INJECTION CHECK (IS MIN)

I.EM TRANSPOSITION (IS MIN)

ADAPTER SEPARATION

S-IV_ SEPARATION

PREPARATION FOR COAST (20 MIN)

SYSTEMS CHECKOUT (SO MIN)

NAVIGATION FOR IST MID_OURSE CORRECTION ($ HR.+ 10 SIGHTINGS)

SERVICE PROPULSION SYSTEM IGNITION

NAVIGATION FOR 2ND MIDCOURSE CORRECTION ($ HR., IO SIGHTINGS) '

SERVICE PROPULSION SYSTEM IGNITION

NAVIGATION FOR 3RD MIDCOURSE CORRECTION (30 HR. + tO SIGHTINGS)

SERVICE PROPULSION SYSTEM IGNITION

NAVIGATION FOR 4TH MIDCOURSE CORRECTION (10 NI,_ 10 SIGHTINGS) ,

SERVICE PROPULSION SYSTEM IGNITION

PREPARATION FOR LUNAR ORBIT INJECTION (1 NR)

$/M RCS ULLAGE ACCELERATION

SERVICE PIIOPULSlON SYST|M IGNITION

" IT • Et.MwA0 TIME

SElL'VICE PROPULSION SYSTEM CUTOFF

Table 2-1

Typical Lunar Landing Mission Time Line Summary
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SERVICE PROPULSION SYSTEM CUT-OFF
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RENDEZVOUS AND OOCKING INITIATION I LUNAR ORBIT 0

(30 MIN) J _ INJIE_TION & RENDEZVOUS

ET3OMIN,
C/M - LEA DOCKING COMPLETED " '

LEA PROPULSION CUT-OFF

POST DOCKING CHECK (25 MINI

LEA SEPARATION (S MIN)

SYSTEMS CHECKOUT (20 MIN)

PREPARATION FOR TRANSEARTH INJECTION (160 kEN)

TRANSEARTH INJECTION COUNTDOWN (15 MIN_

,S/M RCS ULLAGE ACCELERATION (I SEC)

-- SERVICE PROPULSION SYSTEM IGNITION

' SERVICE PROPULSION SYSTEMCUT-OFF

POST INJECTION CHECK (IS MIN)

-- SYSTEMS CHECKOUT (30 MIN)

NAVIGATION FOR IST M)DCOURSE CORRECTION (5 HE,, 10 $|GHTING$)

-- SERVICE PROPULSION SYSTEM IGNITION

NAVIGATION FOR 2ND MIDCOURSE CORRECTION ($ HE., 10 SIOHTING)

SERVICE PROPULSION SYSTEM IGNITION

NAVIGATION FOR 3RD MIDCOURSE CORRECTION (30 HI,, 10 SIGHTING,S)

SERVICE PROPULSION SYSTEM IGNITION

NAVIGATION FOR 4TH MIDCOURSE CORRECTION (10 HR., 10 $1GHTINO$)

SERVICE PROPULSION SYSTEM IGNITION

PREPARATION FOR ATMOSPHERIC ENTRY (4 HR)

SERVICE MODUI_ JETTISON

IEGIN ATMOSPHERIC ENTRY

(ARRIVAL AT 400.000 FT)

INITIAL RANGE CONTROL MANEUVER (300 SEC)

FINAL RANGE CONTROL MANEUVER (270 $EC)

GUDE TO PARACHUTE DESCENT

"DROGUE CHUTE DEPLOYMENT

(ARRIVAL AT 40.000 FT)

MAIN CHUTE DEPLOYMENT ( 15,000 FT)

Earth Touchdown, South Texas

Table 2-Z (Cont'd.)

Lunar Landing Mission Time Line Summary

I,/M IqlOPULSION IGNITION

II:M PROPULSION CUT-OFF

LEA PROPULSION IGNITION

(ARRIVAL AT SO K FT F'ERILUNE)

LANDING MANEUVER INITIATION

(HOVER, TRANSLATION, DESCENT)

, LUNAR TOUCHDOWN

-LUNAR LAUNCH COUNTDOWN

LEM PROPULSION IGNITION

(LUNAR UFT-OFF1

LEA PROPULSION CUT-OFF

.INITIATE RENDEZVOUS MANEUVER

CAM - LEA DOCKING CO4_PLETEO

ET - ELAPSED TIM_

I

2-2b _L AN]UA-- __.....



2-4 POWERED FLIGHT

During ascent there is no requirement for any astronaut control. In the

event of an abort in the sensible atmosphere, both the Inertial Measurement Unit

and the Inertial Reference Integration Gyroscopes of the Guidance and Navigation

System maintains spacecraft attitudes.

The approximate duration of the ascent phase is twelve minutes and includes

the following major events:

a. S-IC propulsion system ignition

b. S-IC begin pitchover program

c. S-IC No. i engine cutoff

d. S-IC No. 2, 3, 4, and 5 engine cutoff

e. S-IC separation

f. S-If ullage rocket ignition

g. S-II propulsion system ignition

h. CM Launch Escape System jettison

i. S-II 5 engine c_toff

j. S-II separation

k. S-IVB ullage rocket ignition

i. S-IVB propulsion system ignition

m. S-IVB engine cutoff

n. S-IVB and spacecraft earth parking orbit achieved.

2-5 EARTH PARKING ORBIT

The earth parking orbit phase begins with the S-IVB first-burn cutoff, as

the spacecraft and S-IVB are injected into the parking orbit, and ends with the

S-IVB second-burn ignition signal for translunar injection. The duration of the
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earth parking orbit is dependent on the following major variables:

a. Lunar declination

b. Launch azimuth

c. Orbit decay characteristics

d. Inertial guidance system accuracy

e. GOSS coverage

f. Spacecraft systems checkout requirements

Present plans indicate that for system checkout purposes and orbit deter-

mination, it is desirable to have from one to three earth orbits. Attitude

stabilization during the earth parking orbit is provided by the S-IVB Stabil-

ization and Control System which derives its reference and is driven by the

Apollo Guidance System (AGS). The AGS has the capability of displaying spacecraft

velocity_ attitudes and other parameters on the guidance computer display panel.

During the earth orbit phase the spacecraft maintains communications and

data exchange with the Near Earth Instrumentation Facilities _EIF) on the ground

and is under the command control of the Integrated Mission Control Center (IMCC).

Major events during the earth orbital phase are as follows:

Post injection attitude stabilization

Post injection spacecraft systems checkout

Earth parking orbit parameter determination

Translunar injection preparation

Translunar injection countdown

2-6

a°

b.

C.

d.

e.

f. S-IVB propulsion signal

TRANSLUNAR INJECTION

The translunar injection phase begins with the S-IVB second-burn ignition

I
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signal and ends with the S-IVB engine second cutoff signal.

follows:

a.

b.

C.

Major events are as

S-IVB ullage rocket ignition

S-IVB propulsion system ignition

S-IVB engine second cutoff and insertion into translunar

orbit

The translunar injection sequence is controlled by the Apollo Guidance

System and is approximately five minutes in duration.

2-7 TRANSLUNAR

The translunar coast phase begins with S-IVB second engine cutoff and ends

with the SM Propulsion System cutoff signal after injection into the lunar orbit.

The duration of the translunar phase is dependent upon the following major para-

meters:

a. The earth-moon relationship at injection

b. Injection parameters

c. Lunar orbit altitude

d. Midcourse correction maneuvers

e. Translunar trajectory selection

From the above considerations the translunar transit time can vary from 60

to 80 hours. A nominal circumlunar trajectory with a i00 nautical mile lunar

altitude approximates 60 hours transit time. The major events during this phase

are as follows:

a.

b.

C.

d.

Translunar post injection check

Ll_4transposition

Adapter separation

S-IVB separation
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1
e Prepare for coast attitude stabilization

f Spacecraft systems checkout

g First midcourse correction if necessary

h Second midcourse correction if necessary

i Third midcourse correction if necessary

j Fourth midcourse correction if necessary

k. Preparation for lunar orbit injection

i. SM ignition signal for injection at pericynthion

m. SM cutoff signal after injection into lunar orbit

Repositioning of the Lunar Excursion Module (LEM) is expected to require

approximately forty-five minutes. Navigation sightings commence soon after trans-

lunar injection. Current plans require that navigation sightings be made every

fifteen minutes up to the time for making the first velocity correction. 0bser-

_ations are used to determine spacecraft position and velocity and to update the

_idance system to within suitable tolerances.

2-8 LUNAR ORBIT

The lunar orbit phase starts with the SM cutoff signal after injection into

lunar orbit and ends at the ignition of the SM propulsion system for transearth

_njection.

Major events during the lumar orbit are summarized as follows_

a. Lunar orbit post injection check and stabilization

b. Spacecraft systems checkout

c. Lunar orbit parameters check

d. Scientific observations

e. Preparation for LEM separation

f. LEM separation

O
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g. LEM descent and landing

h. Lunar surface operations

i. LEM ascent

j. LEM rendezvous

k. LEM docking

After LEM separation and departure, the spacecraft operations continue

including photographic coverage and communication of L_ progress as it descends

and lands. Communication with GOSS facilities on earth is maintained by the

Command and Service Modules (CSM) in orbit. LHM progress is communicated to GOSS

and thence indirectly to the CSM.

Navigational data processing of rendezvous requirements is computed by the

spacecraft computer and verified by IMCC. LEM and spacecraft rendezvous docking

maneuver is then initiated.

2-9 ', LUNAR DES_ENTAND_VDING

The lunar orbit and descent phase starts with LEM landing stage first

ignition signal and ends at lunar touchdown.

After the LEM with two crew members is separated from the CM, the LEM is

oriented so that retro thrust can be applied in a direction toward the moon

center. At a precise instant, one of the LEM engines is fired for a nominal

time duration to change the flight path angle. This places the L_N in an orbit

with period equal to that of the CSM orbit but with a pericynthion of approximately

50_000 feet. Then the gross descent maneuver is executed with altitude being

reduced by the controlled thrust of all three LEM rocket engines.

Upon reaching an altitude of approximately i00 feet with zero velocity, two

engines are shut down_ and the vehicle hovers under the controlled thrust of the

remaining engine while the crew visually locates the most acceptable landing point.



A maximumtranslational range of approximately i000 feet with maneuver duration

of approximately 45 seconds is available for landing.

The basic landing aids are crew vision and radar altimeter sensors. During

the entire landing maneuverthe L_ is within line-of-sight of the CM.

The major events for lunar landing proceed as follows:

a. L_ landing stage first ignition for equal period orbit

injection

b. LEMlanding stage first cut-off

c. L_ landing stage ignition of pericynthion retro

d. Landing maneuver initiation for hover, translation, and

descent

e. Lunar touchdown

2-10 LUNARSURFACEOPERATIONS

After the LEMhas completed the descent and landing maneuvers, the com-

mandermakesan egress from the vehicle and performs an inspection of the imme-

diate lunar surface and the LHMfollowed by preparations and checkout for launch.

He then proceeds to perform observations, scientific investigations and collection

of certain samples of the lunar environment. The co-pilot normally remains in

the vehicle and maintains communications with the commander,the orbiting CSM

while it is within his communication horizon, and the earth based control center

through GOSS. For certain periods, the roles of the commanderand the co-pilot

in these activities are interchanged. Both erewmen mayleave the LH_ at the

sametime.

The initial lunar landing mission is designed for a nominal stay time on

the surface of twenty-four hours. Each crewman's extra-vehicular life support

equipment provides for a total of twenty-four hours of separation from the LEM

I



life support system. Maximum duration of continuous separation from the LH_4 is

initially limited to four hours. In later missions the total lunar stay time

may be increased by the use of logistic vehicles.

Operations and scientific investigations on the lunar surface will be

dictated by individual mission requirements, and will be conducted in accordance

with a planned development schedule that will factor in information and research

data obtained from unmanned flights, other space programs, and previous lunar

landing missions. The LEM provides the necessary support for the operation and

control of the scientific equipment and for processing and transmitting of scien-

tific data to earth.

2-11 LUNAR ASCENT

The Lunar Ascent phase begins with ascent stage first ignition signal and

ends with LEM ascent stage engine final cut-off s_gnal at completion of rendezvous.

Ideal conditions for launch from the lunar surface provide for minimum

velocity transfer within the LEM trajectory plane and require zero transfer be-

tween the L_4 trajectory and CSM orbital planes. As the LEM proceeds toward

rende_ous, its trajectory follows a Hohmann transfer ellipse. Normally, for

about a 24 hour stay time_ the LEM launches during the thirteenth CSM orbit and

proceeds directly toward rendezvous and docking. The major events for the lunar

launch phase are:

a. Lunar launch checkout (performed on the lunar surface,

paragraph 2-10).

b. Lunar launch countdown

c. LEM ascent stage first ignition and cutoff

d. Lunar ascent to Hohmann transfer ellipse

e. LEM ascent stage ignition for injection in CSM orbit
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f. LEMascent stage cutoff

g. Initiate rendezvous maneuver

h. CSMand L_ docking completed

A normal launch requires that the orbiting CSMlead the LEMby a predeter-

mined orbit angle. This angle is a function of the ascent time and range traversed

by the LEMduring boost, the boost burnout altitude and CSMorbit altitude. The

Apollo CSMis in line-of-sight and remains so through boost, coast and the actual

rendezvous maneuver.

"Anytime" launch capability maybe provided by using a parking orbit for

late launch or an "overshoot" orbit for early launch. A late launch may be just

a few minutes or over an hour late. In either case, the procedure would be to

boost to an approximate 50,000 foet parking orbit and wait until the phase relation-

ship is right to effect a Hohmanntransfer. The early launch can be compensated

by utilizing an "overshoot" orbit. In this event, the burnout velocity would be

more than required for a Hohmanntransfer. The orbit would have an apocynthion

higher than the CSMaltitude and rendezwJuswould take place at the second inter-

section of the orbits.

2-12 LUNARRENDEZVOUSANDDOCKING

Lunar orbit__ous actually begins with midcourse adjustment to the

transfer orbit of the LEMto reduce errors accumulated during the lunar boost

phase. At a relative range of about 15,000 feet between the LEMand CSM,active

collision-course control is initiated using terminal guidance techniques. A

positive thrust applied at the completion of the terminal maneuver cancels the

difference betweenthe lunar orbit and the apocynthion velocities. Manual docking

begins at a range of approximately i00 feet. The CMand LEMare joined in the same

configuration as in the translunar phase. Both the LEMand SMpropulsion are

available to perform the maneuvers of rendezvous.

@
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After the rendezvous and docking are completed, the LEM crew members are

transferred back into the CM and the LEM is then separated. Final checkout and

countdown procedures are then completed prior to the lunar escape maneuver.

2-13 TRANSEARTH

The transearth phase starts at the ignition of SM propulsion for trans-

earth injection and ends with atmospheric re-entry at about 400_000 feet altitude.

The major events occuring during th_ phase are as follows:

a. SM propulsion ignition for transearth injection

b. SM propulsion cutoff

c. Spacecraft systems checkout

d. First midcourse connection if necessary

e. Second midcourse connection if necessary

f. Third midcourse connection if necessary

g. Fourth midcourse connection if necessary

h. Preparation for SM jettison

i. SM jettisoned

The SM propulsion system is used for the lunar injection maneuver_ and

guidance is supplied by the spacecraft guidance system. The timing and flight

conditions to be obtained are precomputed to yield a safe return trajectory and

re-entry to achieve landing at the preselected earth landing site. Flight time

will vary from 60 to 80 hours.

Injection into the transearth trajectory is possible at least once during

each revolution in the lunar circular orbit. The position in the orbit, velocity_

and out-of-plane velocity component at transearth injection control the flight

path angle, inclination, and time at earth entry.
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Navigational techniques include the determination of angles between stars

and the earth or moonthrough use of the sextant, occultation of stars, and the

interpretation and utilization of ground track data.

2-14 RE-ENTRYANDLANDING

This phase starts at atmospheric re-entry and ends at touchdown.

events for the re-entry and landing phase are as follows:

Major

a. Begin re-entry attitude stabilization

b. Control maneuvers

c. Ballistic re-entry

d. Aerodynamic flight

e. Forward compartmentheat shield deployment

f. Drogueparachute deployment

g. Main parachute deployment

h. Parachute descent

i. Recovery aids deployed

j. Earth touchdown

The location of the re-entry point on the earth transfer orbit is deter-

mined by the declination of the moonat time of transearth insertion, the transmit

time, and the transfer orbit inclination to the equator.

Locus of re-entry points for a landing site in Southern Texas and for one

in Australia are presently anticipated for several lunar declinations. The track

of a re-entry orbit that has a 30 degree inclination to the equator indicates

that a range of 7000 to 8000 nautical miles after re-entry is required to return

to Southern Texas from all lunar declinations. The Australia site reduces this

range requirement to about 5300 nautical miles for northern lunar declinations.
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To insure recovery of the CM, communicationmust exist and ground tracking

must be accurate for altitudes exceeding about 300_000feet. At low altitudes,

con_nunication must be resumedto assure prompt recovery. Land touchdown is the

primary modeof landing and water landing is possible.

Following re-entry, whenthe machnumber of the CMhas becomesubsonic,

the pilot arms a sequence control subsystemand events proceed as follows:

a. At 50,000 feet a barometric switch electrically initiates

forward compartmentheat shield deployment by firing of

gas generators and cable cutters. Twounits are actuated;

each one cuts both cables, releases all four latches, and

energizes two th_sters which push the forward heat shield

awayfrom the CM. The heat shield and linkage with the CM

serves thereafter to attenuate the landing impact.

b. At 25,000 feet a barometric switch initiates firing of a

mortar which deploys the drogue parachute to stabilize

the CM.

c. Approximately 35 secondslater, at 15,000 feet, a baro-

metric switch initiates firing of mortars which simul-

taneously deploys three pilot parachutes and releases

the drogue parachute.

d. The pilot parachutes pull out the three main parachutes

which are dereefed by reefing cutters eight seconds after

deployment.

e. Normal parachute descent begins and the }IF antenna is

erected. The }IF beacon provides electronic signals for

location of spacecraft position.
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f.

gl

The impact point is determined by a combination of

ground tracking and ground and on-board computation.

Data is transmitted to the recovery forces.

At impact the main parachutes are disconnected, the

SOFAR bombs fired, the high intensity flash beacon

is activated, and dye markers deployed by the crew.

The VHF antenna is erected and communication may be

accomplished for long (HF) or short (VHF) range.

2-15 RECOVERY

(to be supplied)

2-16 POST FLIGHT

The post-flight mission phase begins with the completion of the retrieval

and recovery operation. As soon after touchdown as possible, the CM electrical

checkout is performed at the primary recovery area to record the status of all

subsystems. The test data will be correlated with previously recorded checkout

data to correlate performance.

At the recovery support area each crew member is interrogated by a stan-

dardized procedure to obtain and identify all technical data and evaluate flight

experience. Crew members undergo thorough physical examinations and a planned

program of complete psychological testing to evaluate physical condition and the

effects of the flight on sensory, motor_ and cognitive functions. If necessary_

a series of tests are performed over a period of time to evaluate physiological

and psychological trends.

2-17 PLANNED OPERATIONS FOR CONTINGENCIES

O
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2-18 CONTINGENCIESANDABORTOPERATIONS

Contingency Classification - Contingencies are classified as follows:

a. Rectifiable, if the crew is able to isolate and

repair or replace the faulty component.

b. Tolerable, if an alternate mission can be performed

without endangering the crew.

c. Mission abort, if either the primary or alternate

mission cannot be achieved without further en-

dangering the crew. In this event the crew normally

follows a prescribed abort procedure and lands in one

of several pre-se!ected landing areas.

Decision Planning - Contingency situations are in reality planned-for

emergencies. Such conditions are as completely as possible determined in advance

for each mission phase and imagined situation, and possible recourse or alter-

natives planned. Ordinarily, a scheduled checkout procedure and evaluation pre-

cedes any emergency so that, in the event of such a condition, the commander

and his associates already have on hand the information to support decisions.

Launch Escape - In the event of emergency during the launch and ascent

phase of the mission, the Launch Escape System provides an abort capability

throughout the first stage boost phase and for the first ten seconds following

second stage ignition. Abort during first stage burning requires the initiation

of CM and escape tower separation from the launch vehicle. The escape tower pro-

pulsion is used to attain a safe return trajectory. For aborts after ten seconds

of second stage burning, the CM and SM are staged, and the Service Module Pro-

pulsion System is used for the abort propulsion and safe return trajectory.

-L ........_ 2-15



Earth Orbit - Functions to be performed in abort from earth orbit include

selecting the landing site and staging the CM and SM. Service Module propulsion

is used to apply the de-orbit velocity impulse. Re-entry is controlled in a

manner similar to nominal mission re-entry.

Translunar Injection - In the event the systems status check indicates that

injection into the translunar phase is not advised, the spacecraft may be left in

earth orbit for alternate mission objectives selected prior to the flight. Abort

during the translunar insertion maneuver results in a highly elliptical orbit.

After thrust termination and coasting in orbit, the landing site must be selected

and proper velocity increment added by the SM propulsion to yield a safe return

trajectory.

Translunar - Abort from translunar flight may be active or passive. At

some point along the trajectory the quickest return to earth is to continue along

the translunar trajectory and perform a circumlunar trajectory. Aborts early in

the translunar trajectory require a velocity impulse and attitude change yielding

a cislunar trajectory and giving a safe return to earth.

Lunar Orbit Injection - In the event that braking into lunar orbit is not

advised, the translunar trajectory is such that a circumlunar mission may be ac-

complished providing a safe return to earth.

Lunar Orbit and Landing - In the event the lunar orbit is unsatisfactory

or lunar landing is not advised, the LEM is separated from the CSM and SM pro-

pulsion is used to perform the lunar escape maneuver.

In the event the gross descent maneuver cannot be executed by L_, it's

equal-period orbit with the CSM will provide favorable conditions for carrying



it to rendezvous whenthe phase relationships are correct. In a properly executed

gross descent the LEMmaybe aborted at any time up to the end of hover by inject-

ing the L_ into a transfer ellipse.

Transearth - The spacecraft is provided with navigation and guidance equip-

ment that will permit return of the CM to a landing site on earth without astronaut

assistance.

Re-entry - An emergency re-entry mode which may be used in the event of

re-entry guidance control failure is the use of a constant attitude mode whereby

the pilot manually controls the bank_gle so as to follow a predetermined con-

stant attitude load-time history. The impact point will be determined by a

combination of ground tracking and transmission to recovery forces.

2-19 MISSION ALTERNATIVES

General - Since the consideration of alternative missions arises from

contingency and abort situations, a number of such missions are described above

in paragraph 2-18.

Alternate mission possibilities depend upon the nature of the contingency

as well as the time at which it occurs. Because of the large investment and

effort involved in each Apollo launch, it is mandatory that the maximum possible

systems qualification and scientific research be conducted during a contingency

operation. These alternate missions_ while productive, should be consistent with

crew safety.

Utilizing the world-wide GOSS station inputs of data as processed by the

computer complex_ the IMCC will provide critical performance data and flight

parameter changes for alternative missions. Either the spacecraft crew or the

IMCC/GOSS complex will implement_he required procedures.
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Earth Orbits - The large performance capability of the upper propulsion

stages, coupled with possible failure modes of lower stages, suggests another

alternative is possible in the event a malfunction occurs in the lower stages.

The contemplated alternative is somewhat different in principle than an abort

in that separation from lower stages is accomplished with the intent to con-

tinue to an earth orbital mission. Due to the many types of possible booster

malfunctions, alternate missions cannot be pre-programed into the guidance and

sequence systems; therefore, the flight crew must command guidance and pro-

pulsion of the S-IVB and SM during alternate earth orbital missions.

Lunar Reconnaissance Orbits - This type of alternate mission would be

conducted in the event a major failure was discovered within the LEM at any

time prior to separation to its transfer orbit.

2-20 CREW OPERATIONS

2-21 NORMAL CREW ACTIVITY

General - The flight crew consists of three men who are selected from

a group of astronauts. Individuals of the group of astronauts are continually

being selected according to qualification criteria that is thorough and com-

plete. One of the qualification objectives is the selection of crewmen that

will provide an integrated astronaut-spacecraft combination.

The three crewmen are cross trained to be capable of manning any of the

duty stations in the CM. One crewman, the commander normally has a position at

the left hand or control station. The second crewman, the navigator is normally

located at the navigation station. During launch and reentry he takes a position
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at the center station. The third crewman is the systems manager, and he is

normally located at the right hand or system management station. The CM com-

mander has also been assigned as the LEM commander. Preliminary study indicates

that the navigator may complete the LEM crew for lunar operations.

CM Control Station - The crewman in this position monitors all flight

displays, operates all flight controls, and makes all flight mode selections.

He also monitors booster operation, monitors conditions for safe flight versus

abort, and operates the abort control. This position is manned during launch,

earth parking orbit, translunar orbit injection, CM and LH_4 mating_ midcourse

corrections_ lunar orbit injection and re-entry. During the lunar parking orbit

the CM crewman divides his time between this station and the System Management

Station.

CM Center Station - The crewman in this position assists the commander

in all of his functions except flight mode selection and operation of abort

control. He is capable of performing all of the commander's functions if re-

quired. He assists the crewman in the System Management Station and is capable

of performing his functions. This position is manned during launch and re-entry.

CM System Management Station - The crewman in this position monitors the

status of all spacecraft systems and controls the operating condition of all

systems. This position is manned at all times except during portions of the

lunar parking orbit.

CM Navigation Station - The crewman in this position aligns the Inertial

Measuring Unit, makes navigational fixes, and monitors delta velocity maneuvers.

He also monitors the In-Flight Test System panel and performs maintenance for the
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Guidance and Navigation System. Ground based information is utilized as a

check on the on-board test system. This position is manned during delta velocity

maneuvers and just prior to and during scheduled navigational fixes.

CM Sleep Position - This position is utilized in accordance with the work-

rest schedule and as required. The following work-rest cycle may be considered

as a tentative guide in describing the Apollo crew duty.

a. Twenty-six hour cycle

b. The duty period will be no longer than 2 hours except

during initial portion of flight, midcourse navigation

(for navigator), lunar operations, and the terminal

portion of the flight.

c. One hour off duty period between each duty period and

before and after each sleep period.

d. Two four-hour sleep periods per cycle when possible.

CM Food and Hygienic Position - This position is utilized as required.

LEM Commander Station - The crewman in this position monitors all flight

displays, operates all flight controls, and makes all flight mode selections.

He also monitors LEM engine performance, monitors conditions for safe flight

versus abort, and initiates abort if necessary. This position is manned during

LEM checkout, lunar descent and lunar ascent.

LEM Co-pilot Station - The crewman in this position assists the commander

in all of his functions except making flight mode selections and operation of

abort control. He is capable of performing all of the commander's functions if
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required. In his own duties, the co-pilot monitors the status of all LEM systems

including control and operating conditions, aligns the LEM inertial measuring Unit,

makes navigational fixes, and performs on-board maintenance. This position is

manned during all L_M operations.

CM Primary Crewman Responsibilities - Crew member designation and activity

is based upon primary duty responsibilities. The spacecraft commander occupies

the control station on the left side which is a couch facing the main panel. He

has primary cognizance of those controls and displays requiring time-critical

response to insure crew safety and/or mission success. Under normal circumstances,

his activity encompasses flight mode selection, implementation of navigation and

guidance, and monitoring operational or exploration direction. He also Serves

as the commander of the LEM.

The navigator's primary responsibilities are the operation and maintenance

of Guidance and Navigation equipment. He occupies the center couch during launch

and re-entry and provides back-up for the commander in monitoring key systems

performance during critical mission phases.

The system engineer occupies the right hand couch during all flight phases

except portions of the lunar parking orbit. His primary responsibilities are to

operate the ln-flight Test System, and monitor and maintain all systems other than

Guidance and Navigation. During critical mission phases, he monitors certain

critical parameters of the spacecraft and propulsion systems.

2.22 CONTINGENCY CREW ACTIVITY

General - To achieve the crew safety probability of .999 as an operational

goal, it is essential that every conceivable contingency affecting crew safety

and mission success be anticipated by appropriate alternatives and action based
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on redundancy in basic design or spacecraft systems operational mode, and on

crew activity planning.

It is the responsibility of the spacecraft commander to take appropriate

action if a contingency arises, and of his alternate in the event of the com-

mander's incapacity. It is therefore essential that contingency operat;ons

comprise a significant portion of the training program for the spacecraft crew.

The crew is to be aided in decision-making functions by the Crew Safety

System (CSS) as well as by the Ground Operational Support System and the Integrated

Mission Control Center. The CSS on board the spacecraft consists of the necessary

sensors, test equipment, and displays to detect and diagnose malfunctions and to

allow the crew to make a reasonable assessment of the contingency. For emergency

conditions and abort modes which have time requirements inconsistent w_th crew

reaction times, the CSS is capable of initiating aborts automatically.

Contingency Operations - The rectifiable contingency classification dis-

cussed in 2-18 implies no major deviation in mission objectives. Flight crew

members perform detailed systems testing to recognize and isolate degeneration

or malfunction of a specific spacecraft system. The complexity of sysbems

functions bring into play a diversity of crew skills a_d d[scipli_es for deciding

what to do in response to a system NO-GO, or indication of degradation.

If a tolerable contingency occurs, the alternate mission depends upon the

nature of the contingency as well as the time at which it occurs. Because of the

large investment and effort involved in each Apollo launch, crew safety, and

maximum systems qualification, scientific research, and _roductiveness should be

the keynote of such missions. Crew activity during various alternate missions

varies extensively.

2-22



In the mission abort sequencethe specific crew activities depend on the

flight phase during which the abort occurs. Someof the more important crew

activities include assessment, decision making, abort maneuvering, monitoring

events, and evaluating equipment performance.

2-23 CREWTRAINING

General Plan - The astronaut training program for Apollo requires careful

planning and programming to make the most effective use of the training time

available within the tight scheduling of the manned lunar landing mission. This

program is supported by the development of plans, personnel, facilities, and by

training equipment, devices, aids, manuals, and simulation exercises. The train-

ing program exhibits a flexibility to incorporate changes that may occur in

mission goals, systems design, and operational philosophy resulting from research

and other space program developments.

Training Goals - The training includes the scientific and technical pre-

paration to reinforce, as required, each crew member's individual experience and

knowledge. This is accomplished through review, academic study, exercise and

practice. Some of the training areas are:

a. Familiarization with the Apollo program mission

objectives and spacecraft and crew performance

requirements.

b. Tra_ing under exposure to anticipated stress

environments.

c. Physical conditioni_g to maintain overall physical

fitress and coordination.

d. Specific simalated mission and mission training
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for development of proficiency in procedures.

This includes participation in test and checkout

of the spacecraft, practice of launch abort, and

simulation of operational methods in the tracking

and communications networks.

e. Spacecraft systems training for the attainment of

proficiency in performance of required systems tasks.

The flight crew is trained in the operation, inf!ight

maintenance, and managementof all spacecraft systems.

These systems include electrical power, navigation

and guidance, stabilization and control, Service

Module propulsion, Commandand Service Module reaction

control, Lunar Excursion Module propulsion-reaction

control, communications and instrumentation, launch

escape, and earth landing.

f. Recovery and survival training for normal and emergency

situations.
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CHAPTER2 SPACECRAFTSYSTEMSDESCRIPTION

SECTIONIII

SPACECRAFT

3-1 SPACECRAFT MODULAR DESIGN

The Spacecraft (SC) is composed of the Command Module (CM), the Service

Module (SM), the Lunar Excursion Module (LEM), the Launch Escape System (LES), and

the Spacecraft Adapter. The concept of' having individual functional units or

modules is employed so that systems peculiar to a specific mission can be modi-

fied without substantially affecting the design of systems common to general or

ultimate missions. The principle of "effective weight" is realized through the

use of separable modules. In a given total mission, optimum weight is attained

for each phase of flight by proper jettisoning of expendable units.

3-2 SPACECRAFT - GENERAL CRITERIA FOR LOADS

3-3 FAIL-SAFE PRINCIPLES

Fail-safe principles apply to all spacecraft structures, systems_ and

components. Failures do not propagate sequentially.

3-4 LIMIT CONDITIONS

Load envelopes are established by the superposition of critical loads for

all flight modes including the cumulative effects of additive type loads. All

systems are capable of functioning under these conditions.

3-5 SAFETY FACTORS

All spacecraft structure has positive margins of safety over limit

conditions.
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Ultimate Factor - The ultimate factor is 1.5 applied to limit loads. In

special cases, as justified by analysis and approved, the factor may be 1.35.

3-6 PRESSURE VESSELS

Proof Factor - Except as justified by analysis and approved in special

cases, the proof factor is 1.33.

Ultimate Factor - The ultimate factor is 1.50.

3-7 HYDRAULIC AND PNEUMATIC SYSTEMS - FLEXIBLE HOSE, TUBING AND FITTINGS

Proof Factor - Applied to limit pressure

a. Less than 1.5 inches diameter - 2.0

b. Greater than 1.5 inches diameter - 1.5

Burst Factor - Applied to limit pressure

a. Less than 1.5 inches diameter - 4.0

b. Greater than 1.5 inches diameter - 2.5

3-8 PRESSURE STABILIZED STRUCTURES

No structure is pressure stabilized.

3-9 SPECIAL FLIGHT LOADS

Vibration - The analysis of the effect of propulsion system transients

considers the engines to be deflected in the worst manner within allowable gimba!

limits. The effects of the steady and transient imputs are combined. Vibratio_

analysis recognizes the lower damping present in a vacuum.

Dynamic Loading - The calculation of dynamic loads includes the effects

of engine start, rebound on the pad, lift-off transients including ground winds_
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gusts_ wind shears and buffeting. The coupling of the structural dyn_:_mie__ii_

the flight control system is included in the determination of dynamic loads.

The structure withstands localized transient loads imposedby ti_e operation of

ballistic devices and other suddenly-applied forces such as drogue mortars, for-

ward heat shield thrusters, and docking contacts.

Noise - The design accommodatesexterior sound pressure levels encountered

during any phase of a normal or aborted mission. Special attention is given I:o

the sound pressure levels created on various parts of the spacecraft by the Launch

Escape System during both launch and abort modes.

Aerodynamic Loads The design accommodates buffet pressure a_zd star:to

differential pressure on the spacecraft and Adapter during the earth lau_ch

phases.

First Stage Boost - Structural loads during la_mnch vehicle first stage

operation include maximum control deflection of two of the thrusting e_gines

balanced by rotary inertia and steady-state and dynamic loads associated witc

engine-out operation.

End Boost First Stage - Structural loads on the spacecraft at first s1_<<_

cutoff include maximum control deflection of two of the thrusting engines. 'i'i_o

transient phenomena associated with thrust decay also are considered, ]r_cludit_

effects of vehicle flexibility and interaction with liquid propellants.

Stage Separation - The separation of the lower stages is accomplished with

no subsequent recontact and resulting dynamic load input to the spacecraft.

Boost of Upper Stages - Structural loads during launch vehicle upper stage

operation include maximum control deflection of thrusting engines bala_iced oy
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rotary inertia and steady-state and dynamic loads associated with engine-

out operation. Space vehicle structural dynamic response to thrust

transient at thrust buildup and tailoff are considered, including effects

of vehicle flexibility and interaction with liquid propellants.

Spacecraft Separation The separation of the spacecraft from the

launch vehicle is accomplished with no subsequent recontact and resulting

dynamic load input to the spacecraft.

3-10 VENTING

All structures, other than pressure vessels and pressurized chambers

are vented to minimize differential pressures across the structure. Sealed

equipment accommodates all differential pressure conditions.

3-11 TEMPERATURE

Spacecraft design includes consideration of temperature extremes arising

in all missions, mission phases and alternatives, including aborts.
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SECTION IV

COMMA_ND 'MO_E

4-1 FUNCTION

The CM provides an in-flight command center for all crew-initiated control

functions. It houses the crew, and the major CM systems described in paragraphs

4-17 through 4-30. These systems support the crew in command, control, communi-

cation_ and o_servation during normal and contingency modes of operation. Another

function of the CM is to sustain all normal and emergency structural loads. The

structure of the CM also provides a vessel for pressurization, decreases radiation

flux density reaching the crew, and provides protection against the damaging

effects of meteoroids. Crew living quarters for all missions are provided within

the CM, and the CM heat shield provides thermal protection for the crew and pri-

mary structure during re-entry.

4-2 DESCRIPTION

4-3 COMMAND MODULE ROLE IN SPACECRAFT

The CM houses the three man crew and provides all systems necessary for

mission control during all the flight phases except those in which the LEM is

active. During the lunar operations phase, two crew _<_- ....._ ..... ._". :.

membe_ transfer to the LEM, leaving one man in the CM. At the time of rendezvous_

after lunar surface operations are completed, the entire crew is again transferred

to the CM. The CM is the only recoverable module of the spacecraft.

4-4 POSITION IN SPACECRAFT (SC)

The position of the CM in the spacecraft and the configurations of the

SC including the CM, SM, and LEM for various phases and modes of the lunar land-

ing mission are shown on Figure 4-1 through 4-14.
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Figure4-8. Spacecraft Configuration LEM Descent to Lunar Landing

Nominal Mode

4-9



SC

I

SM

LEM
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Figure 4-17. Area Designations
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Figure 4-18. Area Designations
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Figure 4-22. Area Designations
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4-8 WEIGHTS AND BALANCE

4-9 COMMAND MODULE WEIGHTS

Control Weight - The control weight is used to determine critical design

conditions for systems whose functions or performance margins may be reduced by

increasing CM weight. In general, the control weight is a maximum value which

cannot be exceeded without compromising the overall performance. The presently

established control weight of the CM is 9500 pounds. This figure is applicable

for all flight phases.

Design Goal Weight - The design goal weight is a more stringent require-

ment than the control value. It may be regarded as an optimistic value or working

goal toward wlhich weight-reduction efforts are directed_ Relaxing of design goal

values is possible, but depends on the compatibility of increased weight with

other aspects of the design. The present design goal weight for t_e CM is 8500

pounds.

Current Weight - A current weight is defined for purposes of description.

It fulls between the weights defined above and becomes the actual weight at

launch. The current weight, ideally a basis for computations, is one that be-

comes rationally modified to account for fuel utilization and jettisoning ir_

certain mission phases.

2-i0 CENTER OF GRAVITY (COG.)

General The location of the Command Module C,G_ is specified aloag

three reference axes, as defined in Section 4-5_ These coordinate values apply

to control weight, design goal weight, and current weight.



4-11 INTEE[ZC:_S

4-12 T

_f_e prime f-__ctional and physical interface areas of the Apollo CM are"

a. _ to SM

i. Struct-_ral

2. Electrical

3. Mechanical

4. Aerodynamic

5. Acoustical

b. C_ to LES

i. Structural

2. Electrical

3. Mechanical

4. Aerodynamic

}. Acoustical

c. CM to LEM

i. Structural

2. Electrical

_ Electromagnetic.j •

L. Xr_ertial

Str<zctural - Loads are transferred between the mods.les %y six compressio:_,

,_hree tension ties, and three shear pads. The compression pads are a densepads _ ÷

aslatio:c_ material az_d carry shear in three of tke six pads. _ .....__ _e__s_o_ is earr_ied

Ly three steel rods projecting through the ablation material and located adjacent

tc, alternate compression pads_
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Electrical - Fluid - An electrically initiated linear shaped charge

device located on the SM outer skin separates the electrical-fluid connection

between the CM and SM.

Mechanical - Tension members are disconnected by a redundant electrically

initiated linear shaped charge device which cuts the tension tie below the

heat shield.

Aerodynamic - The aerodynamic interface between the CM and SM results

from the aerodynamic expansion created over the cone-cylinder structural jumc-

tion. Transonic effects at the junction have been thoroughly analyzed for the

presently proposed configuration.

Acoustical - Acoustic buffering between the CM and SM is designed to

insure a minimum of induced sound in the CM due to SM engine firing. The design

figure for maximum engine sound intensity in the CM interior is 75 db_

4-14 COMMAND MODULE TO LAUNCH ESCAPE SYSTEM INTERFACES

Structural - The Launch Escape System (LES) is structurally attached to

the CM through the four tower mounts.

Electrical - Two umbilical connectors provide a redumdant electrical

interface between the CM and LES.

Mechanical - Pyrotechnic-operated cable cutters will be actuated to free

the tower from the CM. The cutters have a two-fold redundancy. Contim_ous stress

in the restraining cables serves to maintain secure tower leg lock-on umtil the

pyrotechnic guillotines are activated.
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AerodFnami c - Aerodynamic effects of the LES on the CM during launch abort

are compensated by proper selection of the CM center of gravity location and by

application of a pitch impulse from the LES pitch control rocket.

Acoustical - The escape system motor flow separator is designed to restrict

the CM interior sound level below the safe level of 75 db.

4-15 COMMAND MODULE TO LUNAR EXCURSION MODULE INTERFACES

(To be supplied.)
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4-16 MAJOR COMMAND MODULE SYSTEMS

4-17 STRUCTURAL SYSTEM

General - The functions of the CM Structural System are to sustain normal

ground and flight loads, maximum abort conditions and landing impact loads, pro-

vide a mounting surface for all CM systems, provide a vessel for pressurization,

decrease the flux density due to radiation, provide some protection against the

damaging effects of meteoroids, provide crew living quarters for all missions, and

provide thermal protection during re-entry for the primary structure and the crew.

A pictorial representation of the CM Structural System is shown on Figure 4-24.

EQuipment Description - The structural and thermal protection features of

the CM consist of the following:

a. A primary load-carrying inner structure

b. A heat shield structure

c. Insulation

d. Ablation shield

e. Hatches and windows

f. Attachments and disconnects

Inner Structure - The inner structure is the primary load-carrying struc-

ture of the CM. It is pressurized to 5 psi as the pressure cabin for the crew.

Adhesive bonded aluminum alloy honeycomb sandwich construction is used with alumi-

num face sheets and with the inside face sheet fusion welded to provide a pressure

seal. The honeycomb core depths are 1.50 inches on the spherical aft bulkhead,

0.75 inch on the side walls, 0.92 inch on the conical walls, and 0.75 inch on the

forward bulkhead. Aluminum longerons are bonded into the sandwich for distribu-

tion of point loads at the four LES tower leg attachments and the six CM supports

to the SM.
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Figure 4-24. Command Mod_ule Structural Features
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Heat Shield Structure - The heat shield structure is brazed honeycomb

sandwich construction and is the primary support for the ablative material. The

facing sheets and core are stainless steel. The aft compartment heat shield is

a spherical segment with a 2.00 inches core depth. The crew compartment heat

shield is a truncated cone of 0.50 inch core depth.

Insulation - The inner structure and equipment are insulated from the

heat shield by a layer of batt type insulation. The crew compartment heat shield

is attached to the inner structure by means of fiberglass laminate longerons.

Ablation Shield - The ablation shield is made of fiberglass honeycomb

matrix bonded to brazed sandwich stainless steel backup structure. The fiberglass

is filled with an ablative material.

Hatches and Windows

Top Hatch - This hatch is located forward of the upper equipment

bay and symmetrical about the X-axis. The hatch is sized to pass crewmen equipped

with pressurized suits and will be utilized for normal pad egress and post-

landing egress.

Docking Hatch- This hatch is located at the CM apex and it is

symmetrical about the X-axis. The hatch is large enough to pass a crewman with

a pressurized suit. The hatch will be used for ingress and egress with the LEM

for free space.
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Windows - A total of five windows, each optically suitable for general

o_servation, are located in the CM bulkhead. Each window has an inside shade for

interior lighting control and an outer shade for protection against meteroid optical

degradation and aerodynamic heating.

Two forward viewing windows are provided, one for the Control Station

and one for the System Management Station. Two side viewing windows also serve

the Control and System Management Stations. A single window in the top hatch will

be used for general observation and photography.

Structural Design Criteria - The CM is designed to withstand _.he variable

simultaneous dynamic environments resulting from normal and con_mgen.cy mlssio_s

as defined below.

Pressure - The extreme conditions for CM external pressure are given in

Table 4-1.

Temperature - The CM is capable of withstanding external temperature ex-

tremes letween -260 ° and +600 ° F. The maximum value of internal wall temperat'_re

is +250 ° F. Provisions are made for withstanding the effects of limited damage

to the atlation material.

Acceleration - The load factors to which the CM will be subjected u;cder

typical flight modes are given in Table 4-2. Sim-_itaneous lo_.gitudi_al and trans-

verse loads are considered.

_fiLration - The CM withstands the structural vibrat, io_. resulting from

local response to acoustic excitation and coincident flight loads of up to 20 g

(steep re-entry) .
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Table 4-2. Command Module, Limit Accelerations (Preliminary Information)

A + Axial

+ Lateral

. Normal

Condition
,,,,,

Pad abort

Maximuzn "q"

Maximu_na "q" abort

End boost stage I (EBSI)

Vacuum abort

Re-entry

Lunar touchdown

** Modes to be defined

Mode _-_

i
2

3
4

5

1
2

Acceleration (O)

-Axial

+IS

+17.2

0

+2.2

+9
-8
--._

+13
-6

+6.5
+ 6.5

+19

+2O

+20

+6

Normal
., ,..

-0.6

-0.6

-0.4

±0.25

-0.3
+0.3
-8.6

0
+8.6

_+2
0

-2

_+3

Lateral

zO. 3
±0. 3
+0.2

+_0.25

_+0.2

±O. 2

+O. 1
0

_+0.I

_+2

0

0

+_0.2

_+3

fp. _..
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Acoustic Noise - The CM withstands all acoastic excitation from the time

of booster engine ignition to exit from the atmosphere and from time of atmos-

pheric re-entry to earth landing. The noise spectrum extends from 5 to i0,000 cps,

with overall levels between 145 and 163 d_ for up to 2-1/2 minutes d_ratiom. LES

engine operation causes an acoustic level of 166 db for a two-second period.

Interfaces - The CM Structural System is integrated with the spacecraft

systems as described in the following paragraphs.

Service Module - The SM is rigidly attached to the CM through a common

interface; the two modules perform integrated system f__ctions _,til the SM is

separated prior to the re-entry phase.

Crew System - The crew members will be housed and protected from the

atmospheric and space environment by the CM.

Environmental Control System - _ne E_viro_nuental 'jontrol System s,_pplies

the atmosphere for the pressurized CM.

Other Interfaces

for all CM systems.

mo_._t .....g surfacesThe Struct_ral System will provide _ _

4-18 FLIGHT CPEW

Size and Number - The required three ma_ flight crew is restricted :in

size as defined in reference (i). Th_e limitations on physical charac+erlstlcs

apply to height, weight, eye height, hip a_d sho'ulder breadth, sit_i_g height,

reach, and all other body dimensions critical to the spacecraft structural design.

All _ndefined body dimensions are estimated by the most appropriate statistical

and amthropometric methods.

4_ 36 .,....-- - ....



r ...... ii

Crew Duties - Mission task apportionment is designed to make maximum usage

of the complete crew. Equality of crew utilization during critical mission phases

is stressed.

General - The crew will be provided with information and means of control

making possible a maximum contribution to the over-all system reliability and

flexibility. _he crew will monitor and control all parameter varia-

tions from the normal mission. Sequencing operations will utilize t_ crew im an

alternate or backup mode. The crew will have the capability to terminate inia-

tion or functioning of the automatic sequence operations prior to completion of

the normal program (e.g., shutdown of booster stages, inhibit ignition of S-IVB

engine, etc.). Crew member performance capabilities will be similar and assigned

mission tasks interchangeable. Each will stand watch during non-critical mission

phases and perform all command and system functions during such watches.

Specific Duties - The crew duties as a function of required mission

activity are as follows:

a. Checkout - The crew will participate in all checkout operations

prior to critical mission phases such as launch and translu_ar

injection.

b. Control - The crew will have control over critical system f_nc-

tions for all phases of powered flight.

c. Watch - During non-critical flight phases, the crew will moni-

tor all spacecraft systems and regulate them as necessaq_.

Duty Stations - Of the four defined duty stations, three are concerned

with the launch and re-entry phases. These duty stations are the control station,

the center or control-management station, and the right-side systems management

station. The fourth duty statio_ provides controls and displays for navigation
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and equipment for maintenance and food preparation. Other duties are performed

at appropriate locations.

4-19 CREWSYSTEM

General - The Crew System of the Apollo Spacecraft is considered to be

that group of subsystems and components which support the operation and needs

peculiar to the presence of human beings.

Examples of the crew system and cabin arrangement are indicated on

Figures 4-18 through 4-23. There are two duty stations from which primary

operation of the spacecraft can be controlled. These stations are side-by-side,

with sufficient space between them to allow a third station to be occupied

during acceleration flight phases. The center station is inactive during non-

accelerated flight, and its supports and restraints are retracted into a stowed

position. A support couch and restraint system are provided at each duty station;

these are adjustable manually to allow free interchange of crewmen.

There are specific cabin areas assigned for sleeping and sanitation.

Both areas accommodate a single crewman and are capable of being temporarily

partitioned. Facilities are provided for waste disposal and control of infec-

tious organisms.
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Provisions for food and water include hot and cold water supply by the

Environmental Control System. In addition, sufficient water is on board at la_Jr.ch

to provide for a 72-hour landing and recovery time period in the event of an early

abort.

Impact attenuation and vibration attenuation devices are incorporated into

the support and restraint systems. Each crewman wears a full pressure suit duri=g

launch, re-entry, and similar critical flight phases. The same suits are used for

extravehicular operations in the space environment and for survival in the event

of cabin decompression. These suits are worn over a shirt-sleeve type garment,

and are of the quick-don type. Their inflation pressure is 3.5 psia. When suits

are worn inside the spacecraft, ventilation and communication are supplied via

umbilicals to the spacecraft system. Self-contained environmental and wireless

communication systems are used for extravehicular operation.

Equipment Description - The Crew System consists of the following sub-

systems and components:

a

b

c

d

e

f

g

h

i

J

k

i

Controls and Displays

Restraints, Support Equipment and Couches

Sleeping Facilities

Food and Water Management

Waste Management

Hatches and Windows

Optical Subsystem

Lighting Subsystem

Storage Cabinets

Survival Equipment

Personal Hygiene and Bio-medical Equipment

Pressure Suit and Backpack
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m. Clothing and Accessories

n. Communicationand Aural Equipment

o. Environmental Control Subsystem

p. Exercise Equipment

Controls and Displays - Controls and displays are provided to permit the

crew to control the spacecraft and monitor parameters critical to mission per-

formance. The following subsections describe the required controls and displays.

Primary Panel - The primary panel has three physical segmentsand

is arranged to support three duty stations as follows:

a. Control Panel - The control panel is located above the left-

hand couch. It contains controls and displays required for

inflight control. The system displays and controls consist

b°

of"

i

2

3

Stabilization and Control System mode select

Flight commander controls and indicators

Propulsion System controls

4 Warning and caution lights

5 Crew safety controls and displays

Center Panel - The center panel is located above the center

couch and provides the displays and controls required by the

navigator during launch and re-entry. The systems displays

and controls consist of:

i. Propulsion System displays

2. Computer read out

3. Computer keyboard

4. Warning and caution lights



C • Systems Management Panel - The systems management panel is

located above the right-hand couch and provides the controls

and displays required for spacecraft systems management.

Systems displays and controls consist of:

i. Environmental Control System

2. Electrical power distribution

3. Telecommunication

4. Fuel cells

5. Warning and caution lights

Left-Hand Console

to support the control requirements for the commander.

are:

a. Lighting controls

b. Audio controls

c. Circuit breakers

d. Manual activation

The left-hand console provides additional space

Located on this console

Right-Hand Console - The right-hand console provides additional space

to support the control requirements for the systems manager. Located on the

console are:

a. Lighting controls

b. Audio controls

c. Circuit breakers

In-Flight Test Panel - This panel is located beneath the right side

of the forward hatch and contains:

a. A test point matrix

b. An enunciator panel
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c. An oscilloscope

d. A test meter

The leads for the meter and scope are of sufficient length to reach

secondary test points which are located in the lower equipment bay modules. The

status light and enunciator panel are visible from the commander's couch.

Guidance and Navigation Panel - This panel is located in the lower

bay at the foot of the center couch. It contains controls and displays for navi-

gation operations including:

a. Scanning telescope

b. Sextant

c. Coupling display units

d. Power controls

e. Radar controls

f. Clock

g. Viewer

h. Condition lights

i. Caution and warning lights

j. Lighting controls

k. Audio controls

1. Attitude controls

Restraints, Support Equipment and Couches - Each crewman is provided wit_

a support couch for protection against acceleration loads. A couch prowides fmll

body support during all nominal and emergency acceleration conditicns. _c_e

couches are adjustable to permit changes in body and leg angles thereby improv-

ing comfort during the coasting phases of the mission.

Couches are constructed to permit crewmen to interchange positio:_s. Inter-

change requirements are accomplished by use of simple couch adjustmeLt devices.
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A restraint system is provided with each couch. The system allows the

interchange of crewmen with simple attachment and adjustment for comfort and

sizing. The restraint system provides adequate restraint for all nominal and

emergency flight phases.

Impact attenuation beyond that required to maintain general spacecraft

integrity is obtained through use of discrete shock mitigation devices for

individual crew support and restraint systems. Attenuation devices provide

for lateral as well as transverse acceleration loads.

Sleeping Facilities - The center counh can be re-positioned for use

as a sleeping area. The area is located on the floor beneath the commander's

couch and accommodates one crew member. An adjustable cover attached along

three edges of the couch and the wall isolates the area. A two-way stretch,

open mesh coverlet_ when drawn over the crewman_ holds him in place against

an inflated mattress. The isolation cover closes out cabin light and reduces

noise level. A manually operated light and a manually adjustable air supply

are available to the resting crewman.

Food and Water Management - Food management includes provisions for

food storage, preparation_ and disposal of waste food bags_ and operation

and cleaning of a heating probe. Food storage is accomplished in the lower

2" 6"equipment bay, center section, in 15 flat drawers, x x various depths.

Retainers cover the individually packaged freeze-dried food products to pre-

vent them from floating out of open drawers. Reconstitution is accomplished

with hot water injected by probe into the individual containers. Empty bags

are compressed and stored in the waste disposal area of the lower equipment

bay.
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Waste Management

Collection and Storage of Liquid HumanWaste - A urine cuff

is supplied for each crew member.

Oneor three (to be determined) relief tubes will be supplied.

Each tube is connected to a vacuumthrough an appropriate valve so that the

urine can be vented overboard without chance of backup.

Collection and Storage of Solid HumanWaste - Defecation-Emesis

bags are supplied for crew use and are stored in empty food lockers in the

lower equipment bay.

Optical Subsystem- Camerasare provided and controls are mounted on

each crewman's instrument panel. The cameras permit pictorial recording of

crew reactions, spacecraft interior and equipment functioning during all

mission phases.

Lighting Subsystem- The CMis illuminated by indirect floodlighting

of the primary and secondary duty station panels and general areas. Integral

illumination is incorporated in the displays monitored or used throughout

the mission. This lighting provides a totally integrated visual environment.

Indirect Illumination - The indirect illumination consists of

multiple lamps located to provide even lighting _ith a minimumof glare. It

is capable of intensity variation and control is provided for illumination of

each functional crew station.
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Integral Illumination - Light sources located within the dis-

plays provide contrast between indices and background when low luminance levels

are desired and intensity is varied.

Portable Lights - Independent portable lights are provided in

the CM to permit the crew members to view areas or equipment not normally

lighted.

Rest Area Light - A small light in the rest station permits

reading or writing.

Storage Cabinets - Storage space is available in lower, upper, right-

hand, and left-hand equipment bays.

Lower Equipment Bay - The lower equipment bay has storage

cabinets and drawers with recessed drawer pull latches. The sextant is

located in the upper cente_ of the bay with food storage cabinets directly

below. Other inertial measuring equipment is located to the left of the

food storage area and other Guidance and Navigation equipment is located to

the right of the food storage area. Electronics, Guidance and Navigation,

telecommunications and scientific equipment is stored below the food storage

area. Space is provided for tools on the left side and waste storage on

the right side of the lower equipment bay.
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Upper Equipment Bay - The upper equipment bay is considered as

a storage area for pressure suits_ back packs_ helmets_ and survival equipment.

Right-Hand Equipment Bay - Cabinets on the upper left are for

electronic modules and other spares. The lower left area contains cabinets

with recessed pull latches for tools_ medical and surgical supplies_ toi-

letries_ and hygiene supplies. The lower right-hand area contains cabinets

for cleansing pads and clothes storage.

Left-Hand Equipment Bay - This bay contains the absorption

cylinders above which are located some components of the Environmental

Control System. The remainder of the bay is available for spare parts and

instrument storage.

Survival Equipment - The following equipment and provisions are carried

aboard the spacecraft for use either in normal or contingency modes:

a. One three-man life raft

b. Location aids dyes, markers, signal mirrors and

distress signals

c. Shark repellants

d. Desalting kits

e. Whistle

f. Nylon cord

g. Radiation dosimeters

h. Pressure suits

i. Knives

j. Matches

I

I
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i. Food

m. Plastic tarp

n. Side arms and ammunition

o. First aid kit

Personal Hygiene and Bio-Medical Equipment

Oral Hygiene Supplies - Individual multiple use toothbrushes and

ingestible dentrifices in air-tight sealed containers provide for adequate

cleansing of teeth and gums by each crew member. A technique of brushing is

followed so as to prevent particulate matter from escaping into the CM atmos-

phere and spreading contamination.

Razor - To provide well being and general cleanliness, a com-

plete portable, battery operated, vacuum filtered raxor is provided. It is

designed to hold all hair fragments obtained from 3 men for 14 days. The razor

is stored in the same drawer as oral hygiene equipment, with a dividing par-

tition and separate, transparent, retractable cover.

Toiletries (Defecation-Emesis Bags, Toilet Tissue) - The

defecation-emesis bags for adequate storage of human waste material are

interchangeable for defecation or emesis purposes. A maximum of 40 bags is

provided. Toilet tissue also is provided.

Cleansing and Deodorizer Pads - Individual cleansing pads im-

pregnated with lotion cleanser, disinfectant, and deodorizer provide for all-

purpose washing needs. Deodorizer pads provide control of bacteria and noxious

odors from armpits and groin regions. Wrapping material serves to preserve pads

before use, act as a towel or wiping cloth during use, and act as a disposable

container for used cleansing pac_
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Blood Pressure Cuff - A standard clinical blood pressure arm cuff

with aneroid (non-mercury) pressure sensor is provided. The cuff is designed to

be used in measurement of arm systolic and diastolic blood pressures in conjunc-

tion with the stethoscope.

Stethoscope - A standard clinical model stethoscope having both a

bell and diaphragm head is provided.

0ral Drugs - 0ral drugs are supplied in pill form to be mixed

with water in a spare drinking water bag prior to consumption. This includes

drugs to combat pain, nausea, fatigue, allergic reactions, and infections.

Water purification tablets and tranquilizers are included. These drugs have

a slow onset of action.

Injectible Drugs - Injectible drugs include the same array as

the oral drugs with the addition of drugs to combat shock. Syringes are

disposable.

Antiseptics - Antiseptics are provided in individual absorbent

cotton pad form with sealed bags similar to those of the deodorizer pads. Pads

are used for cleansing around abrations, lacerations and contusions. After use

each pad is replaced in its bag, sealed and stored in the waste disposal area.

Surgical Supplies Surgical supplies include gauze, dressings,

a small Velcro cuff tourniquet, a scalpel, a self-retaining retractor, suture

with cutting needle, a tracheotomy tube, and a drainage tube.

Splints Six balsa wood splints are supplied.

Pressure Suit and Backpack

Space Suit Assembly - A space suit assembly is provided for each

crew member for extravehicular operations and for crew protection in the event
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of cabin decompression.

a.

b.

C.

d.

The space suit assembly consists of:

Pressure Garment Assembly (PGA)

Portable Lift Support System (PLSS)

Constant Wear Garment (CWG or undergarment)

Personal Communications System

Pressure Garment Assembly - The PGA is a full pressure, closed

circuit, anthropomorphic type garment. Normal operating pressure of the suit

is 3.5 psia. The pressurizing gas is 100% oxygen which serves both respiratory

and ventilation requirements. Normally, the suit is comfortable for about four

days and it meets the requirements for waste elimination and personal hygiene.

P!! three unsuited CM crew members can don their suits within a single time

period of five minutes. In addition to respiration and ventilation requirements

of the crew, the suit assembly provides adequate insulation and thermal control

to maintain a comfortable environment. The suit permits nearly unrestricted

mobility within the confines of the CM. When pressurized to 3.5 psia it permits

unassisted crew passage through the CM ingress/egress hatches. The suit head

enclosure incorporates a device for permitting the intake of liquids and specially

prepared solid or semi-solid foods while the suit is pressurized. The PGA is

worn by all crew members during critical mission phases.

Portable Life Support System - The PLSS provides respiration and

ventilation requirements for the space suit along with removal of carbon dioxide,

water vapor, body contaminants, and thermal control for a minimum of four hours

continuous operation without recharge. Two PLSS units may be temporarily at-

tached to a single suit, or two suits to a single PLSS. It is possible for a

suited'crewman to don a PLSS unassisted. Provisions are made for the storage

of two PLSS units aboard the CM.
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Constant Wear Garment - The CWG is a closefitting undergarment which

is worn by the crewman at all times and which constitutes primary clothing. These

garments are comfortable and free of areas that would snag on spacecraft equip-

ment. Each crewman is provided with a light weight cap, separate from the pressure

suit helmet, to protect his head from injury as a result of collision with space-

craft equipment.

Clothes Storage - Two changes of clothes per man per mission are

provided and storage of soiled clothes minimizes possible contamination.

Communications and Aural Equipment

Command Module, Intermodule and Spacecraft to Ground Communications -

Two-way voice communication capability between individual crew members, between

the spacecraft and earth-based stations, and between each module in a rendezvous

maneuver is provided. Audio-controls consist of off-transmit-receive, VHF/DSIF,

and intercom selections. Thumb knobs are provided for frequency selection and a

switch is provided for "push-to-talk". Each crewman has his own audio control

panel.

Extravehicular Communications - A suit-contained personal commu-

nications system consists of a headset, microphone and transceiver. The trans-

ceiver is located in the PLSS and is used only for extravehicular operations.

Full duplex voice communication, with voice backup capability, between two extra-

vehicular crewmen and with the CM, LEM, and earth is provided. Positive identi-

fication of transmitting crewman is provided. The system is capable of trans-

mission of physiological and suit environmental data simultaneously with voice

without interference. Manual switching for transmission of physiological data

may be accomplished by any extravehicular crew member.

m

J
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Environmental Control Subsystem - The environmental control subsystem

regulates the cabin environment_ including temperature_ humidity_ gas pressure_

and gas composition_ in such a fashion that the crew is able to operate in a

shirt-sleeve condition. The environmental control subsystem is capable of operat-

ing automatically; however, manual overrides are provided.

Controls - The following controls are provided:

a. A manual override for the cabin compressors

b. A manual override for the suit compressors

c. A manual override for the nitrogen supply

d. A manual override for the catalytic burner

e. A manual override for the humidity controller

f. A manual override for the temperature controller

g. A control to activate the re-entry oxygen supply

h. Any other controls that may be determined necessary

Displays - The following displays are provided with the type of

display to be determined:

a. Total cabin pressure

b. Cabin temperature

c. Oxygen partial pressure

d. Nitrogen partial pressure

e. Carbon dioxide partial pressure

f. Relative humidity

g. Carbon monoxide partial pressure
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4-20 TELECOMMUNICATIONS

General - The Telecommunications System of the Command Module performs

the following functions during the lunar mission:

a. Transmit voice, telemetry, and TV signals to the GOSS stations.

b. Receive and demodulate voice transmissions from the GOSS

stations.

c. Receive and retransmit in phase coherence Deep Space Instru-

mentation Facility (DSIF) -type pseudo-random noise codes to

enable the GOSS stations to track the spacecraft in angle,

velocity, and range during deep space phases.

d. Receive and respond to interrogating radar signals for track-

ing purposes during near-earth phases.

e. Provide antennas to transmit and receive electromagnetic

radiation in a near omnidirectional manner.

f. Assemble and encode, in suitable form for transmission, the

data required by the Mission Control Center during spacecraft

missions.

g. Receive and respond to interrogating signals from the LEM.

h. Provide for voice communication between crew members, and

provide for the transfer of audio signals to and from trans-

mitters and receivers.

i. Provide two-way voice communication between crew members and

the CM via a direct r-f link to the space suit personal com-

munications equipment or LEM-CM relay.
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j , Provide for reception, conditioning, and relaying of physio-

logical data from the space suit personal communication

equipment or LEM-CM relay.

Equipment Description - A Telecommunications System block diagram is given

in Figure 4-25. The components of the system are listed and described function-

ally in Table 4-3 in which it should be noted that several components are physically

located in the Service Module.

Performance

General - Communication equipment is designed to facilitate checkout and

maintenance by ground personnel and by the crew. Each subsystem together with

the inter-connecting cables are as nearly self-contained as possible to simplify

removal from the spacecraft. The capability of removing, replacing, and adjust-

ing subsystems with pressurized gloved hands is a design goal. Flexibility of

design for incorporation of future additions or modifications is stressed.

Detailed - The detailed performance of the Telecommunications System

components is given in Table 4-4.

Interface s

Command Module/GOSS Communication - Communication between the CM and the

GOSS is in the VHF band during the near-earth phase of all missions and the UHF/

S-Band during translunar and lunar-orbital mission phases. In the near-earth

phase, amplitude modulation is employed for simplex voice communication and PCM/

FM is employed for transmission of CM telemetry data. The CM GOSS UHF/S-Band

carrier frequency is either phase-modulated, frequency-modulated, or phase-shift-

key modulated according to the transmission mode being employed. The GOSS is
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Table 4-3 TELECOMMUNICATIONS SYSTEM COMPONENTS_ FUNCTIONS AND DESCRIPTION

Component Function and Description

p

VHF _ Transmitter Equipment

( 2 sets)

Two VHF FM Transmitters are supplied. One

provides transmission of telemetry data during

near-earth mission phases, the second trans-

mitter gives redundant capability. The VHF
broad-band antenna is shared between this

transmitter and the VHFAM transceiver, by

means of the VHF multiplexer.

VHF AM Transceiver Equipment

( 2 sets)

Provides two-way voice communications between

the CM and earth during near-earth mission

phases, between the CM and space-suit personal

communications system transceiver, and between

the CM and the LEM. It is also used for two-

way voice contact with recovery aircraft during

the post-landing phase. Two sets are supplied;

one for normal operations, the second for re-

dundant back-up. This equipment uses the VHF

broad-band antenna (via multiplexer) except for

recovery and post-landing. During recovery,

the transceiver is switched to the VHF recovery

antenna.

DSIF Transponder Equipment

(2 sets)

(i) DSIF Receiver

(2 each)

(2) DS!F Transmitter

( 2 each)

DSIF transponder provides data and television

transmission, ranging, two-way voice, and co-

herent doppler tracking during translunar

mission phases. It is used for TV trans-

mission during earth orbital missions. The

UHF high-gain antennas are used with the trans-

ponder for normal translunar operations. For

emergency and earth orbital operations, the UHF

omni antenna is used.

Two phase-lock, double conversion super-

heterodyne receivers are supplied. The second

receiver is for redundancy. A diplexer is

used to provide single-antenna operation of
DSIF receiver and DSIF transmitter.

Serves as a driver for the DSIF power ampli-

fier. This transmitter derives its excita-

tion from either the DSIF receiver's local

oscillator or from an auxiliary crystal os-

cillator. Two units are supplied; second trans-

mitter is for redundancy.
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Table 4-3 (Continued)

Component Function and Description

DSIF Transponder Equipment

(Continued)

(3) DSIF Power Amplifier

(2 each)

Two power amplifiers provide amplification of

DSIF transmitter output for transmission from

lunar ranges. Switching enables either ampli-
fier to be used with either transmitter.

C-Band Transponder Provides radar tracking capability during near-

earth mission phases; compatible with the AN/

FPS-16 radar system. The transponder includes

four spaceborne superheterodyne receivers, pulse

modulated transmitter, antenna multiplexer, and

power supply. Input signals are coded two or

three pulse interrogations; outputs are single

pulse replies.

C-Band Antenna Equipment

(I) C-Band Flush-mounted

Antennas

(4 each)

(2) Comparator

(3) Associated Components

Provided to supply antenna requirements for

C-Band radar tracking function.

Four flush-mounted antennas are equally spaced

around the periphery of the CM to provide es-

sentially omni-directional pattern coverage.

An amplitude comparator is used to minimize _alls

in the C-Band antenna pattern.

These associated parts include power dividers

and transmission lines (waveguide or coaxial).

VHF 0toni Antenna Equipment

(i) VHF Broadband/UHF

Omni Antenna

Provides antenna requirements for the following

equipment:

(a) VHF FMtransmitters

(b) VHFAM transceivers

(c) NASA R&D transmitter

A i/4 wavelength (at VH_ monopole mounted in

nose of spacecraft, providing omni-directional

coverage about the longitudinal axis. Used with

VHF FM transmitters and VHFAM transceivers.

Six slots in the antenna provide for operation at

UHF/S-band in conjunction with the DSIF trans-

ponder for TV transmission during near-earth

mission phases and for emergency communication

during translunar mission phases. This antenna

is jettisoned during re-entry, at the time of

parachute deployment.
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Table 4-3 (Continued)

Component Function and Description P

VHF 0mni Antenna Equipment

(Continued)

(2) VHF Multiplexer

(3) Associated Components

Allows simultaneous connection and operation of

equipment listed above with the VHF antenna.

These include power dividers, switches_ and

cables.

UHF High Gain Antenna

Equipment*

(2 sets)

(i) UHF Higain Antennas

(2 each)

(2) Gimbal Drives

(2 each)

(3) Associated Components

Provides spacecraft antenna requirements for

normal translunar communications. Two sets of

equipment are located on opposite sides of the

SM. Antennas are extended for operation by a

deployment mechanism.

Two antennas provide spherical coverage and

redundancy. For use with the DSIF transponder.

Provide pointi:ng capability for the narrow-beam

antennas.

This equipment includes switches and cables.

Intercommunication Equipment

(i) Audio Control Units

(4 each)

(2) Headsets

(2 each)

(3) Personal Communications

System Demultiplexing
Unit

Provides crew intercommunication for both

pressure-suit and shirt-sleeve environments,

and voice transmission mode selection

One unit is provided on display panel for each

crew member, fourth unit is at work station.

Each unit cont:ains dual earphone amplifiers,

dual microphone amplifiers, and switches for

selection of various modes of voice transmission.

Earphone amplifiers :have AVC capability; micro-

phone amplifiers have AVC as well as peak clip-

ping. VOX or PTT operation is selectable.

Headsets containing dual microphones and dual

earphones are provided at. each crew station for

use in shirt-sleeve environment.

De_,_itiplexes voice signals and presents them

to the audio control unit. Demultiplexes cer-

tain physiological and suit information for

display.

* Located in Service Module
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Table 4-3 (Continued)

Component Function and Description

Premodulation Processor Consists of subcarrier oscillators and elec-

tronic controls required to miltiplex and

condition the various data channels to modulate

the UHF transmitter

Telemetry Equipment

(i) Analog Commutator

(2) Analog-to-Digital (A-D)

Converter.

(3) Digital Commutator

(4) Programmer

(5) Calibrator

Processes data into forms suitable for radio

transmission to earth. During deep-space

operations, conditioned analog data will be

encoded for transmission via the DSIF trans-

ponder. During near-earth mission phases, the VHF
FM transmitter will be used.

Suitable electronic commutation of analog sig-

nals allows flexible repetitive selection of

inputs to the analog-to-digital converter.

Digitizes the output of the analog commutator.

Suitable electronic commutation of digital

signals allows flexible repetitive selection

of inputs to the programmer.

Controls the operation of analog and digital

commutators, A-D converter, and calibrator.

Encodes digital data to PCM (NRZ) format for

storage or transmission.

Introduces selected calibration voltages into

PCM data format on continuous basis. Upon

crew command_ interrupts all analog signals

and inserts calibration signals on all these

channels. Also operates in conjunction _ith

the in-flight test program.

Control and Display Panels Provides capability to control and monitor the

Telecommunications System in all operating
modes.
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Table 4-4 TELECOMMUNICATIONSSYSTEMPERFORMANCEVALUES

Component Performance Values

VHFFMTransmitter Equipment Frequency................ 225 mc to 260 mc (Preset)
Frequency stability ...... 0.01 percent
Modulation

Type................... FM
Deviation capability--- _125 kc
Modulation capability-- 50 to i00 kilobits/second

Linearity ................ _i_ maximumdeviation
Power Output............. i0 watts

VHFAMTransceiver Equipment

(i) Transmitter

(2) Receiver

Frequency................ 2 selectable frequencies
in the band 243 to 300 mc

Frequency stability ....... 0.005 percent
Modulation

Type................... AM
Informatiom band width- 15,000 cps

Power Output............. i0 watts

Frequency................ 243 mc to 300 mc
Noise Figure ............. i0 db
Predetection bandwidth--- 6 kc or 30 kc (selectable)

DSIF Transponder Equipment

(i) DSIF Receiver Type..................... Phase locked, double con-
version super heterodyne

Frequency-............... 2100-2130mc
Signal Modulation ......... PM
Noise Figure ............. To be supplied
Bandwidth(s) ............. To be suppl_ed
Image rejection .......... 40 db
Spurious rejection ....... 60 db

(2) DSIF Transmitter Frequency................ 2280-2310mc
Excitation

*Modei ................. PMoscillator wlth pro-
vision for phase-locking
to receiver frequency

*Mode 2.................. Crystal osc_llator _0.001
percent frequency tolerance

Modulation Type
*Modei ................. PM
*Mode2................. PM

Deviation
_Modei ................. _ 'i_#/2 radians
*Mode2................. To be supplied

Modedefinition to be supplied.
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Table 4-4 (Continued)

Component Performance Values

DSIF Transponder Equipment (Cont'd.)

(2) DSIF Transmitter (Cont'd) Frequency response ..... To be supplied

Power Output ........... 200 mw

(3) DSIF Power Amplifier Power Output ........... 20 watts or 5 watts

(selectable)

Frequency .............. 2280-2310 mc

RF Bandwidth ........... i0 mc

C-Band Transponder Equipment

(i) C-Band Transponder

(2) Comparator

Frequency ................ Any preset frequency in

the band 5,4 to 5.9 kmc,

40 mc minimum separation

Frequency stability

Transmitter ............ _4 mc

Receiver ............... _2 mc

Modulation ............... Pulse

Pulse width .............. 0.5 _ 0.05 microsecond

Recovery time ............ 140 microseconds max.

Interrogation code ....... Capable of operation in

accordance with IRIG

recommendation 106-59

Receiver sensitivity ..... 70 dbm for i00_ response

to interrogation

Image rejection .......... 60 db minimum

Transmitter power ........ 2. 5 kw (peak)

Utilizes the output of four superhet receivers to

control switching of transmitter output to most

favorable antenna, on a pulse-to-pulse basis.

C-Band Antenna Equipment General .................. Transmit and receive

Frequency ................ 5400 - 5900 mc

Pattern coverage ......... Omni-directional in Y

plane

Polarization ............. Right hand circular

VSWR ..................... 1.5 to i

Power handling capability 2500 watts pulse, duty

cycle 0.002

Switching capability ..... Controlled by comparator

Z
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Table 4-4 (Continued)

B

4

g

Component Performance Values

VHF 0mni-Antenna Equipment General ................... Transmit and receive

Frequency ................. (a) 225 to 300 mc

*(b) 400 to 450 mc

Pattern coverage .......... 0mni-directional in Y-Z

plane

*0 db t 3 db

I0 db beamwidth 140

degrees

Polarization .............. Vertical linear

VSWR ...................... 2 to i

System insertion loss ..... 4 db t 1.3 db

Power handling capability- 20 watts cw

UHF High Gain Antenna

Equipment**

General .................... Transmit and receive

Frequency ................. 2280-2310 mc

Pattern coverage .......... 6 degrees beamwidtlh-
steerable

Polarization .............. Right hand c:ircular

VSWR ...................... 1.5 to i

System insertion loss ..... 2.5 t 0.7 db

Power handling capability- 20 watts cw

Gain ...................... 26 db nominal

UHF' 0mni Antenna

Equipment*_*

General ................... Transmit and receive

Frequency ................. 2280-2310 mc

Pattern coverage ........... Omn_-directional in Y-Z

plane

Polarization .............. Vertical linear

VSWR ...................... 1.5 to i

System insertion loss ..... k t 1.25 db

Power handling capability- 20 watts cw

Intercommunications

Equipment

All inputs and outputs balanced, 600 olhms impedance.

Headset microphone output 0 dbm. Headset earphone

output 20 dbm. Frequency response !excluding ear-

phones) 300 to 3000 cps; t 3 db.

* Definition to be supplied.

{-_ Not including Sensor

*** This antenna is provided by means of slots in the VHF broadbeam antenna.
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Table 4-4 (Continued)

Component Performance Value

Telemetry Equipment

i) Analog Commutator

2) A-D Converter

3) Digital Commutator

(4) Programmer

(5) Calibrator

Input level - 0 to 5 volts

Input impedance-500 k ohm

Source impedance-5000 ohm

Quantization to 8-bit

words (256 levels)

Input impedance-500 k ohm

PCM/NRZ format

To be supplied

PCM (output) Speci-

fications:

*Accuracy - 0.25_

Bit rate (fixed) -

to be supplied

Sync. - from ground
station

*Definition to be supplied.
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compatible with these modulation modes. The C_SS-CMUHF/S-Band carrier is phase

modulated.

Command Module/GOSS Tracking - Spacecraft tracking during near-earth

mission phases is accomplished by AN/FPS-16 C-band radar equipment operating in

conjunction with a radar transponder in the CM. Transponder electrical charac-

teristics are optimized for operation with the AN/FPS-16. During translunar and

lunar orbital mission phases_ the UHF/S-Band transponder is capable of receiving_

demodulating, remodulating and retransmitting the pseudo-noise-coded ranging

signal from the GOSS.

Electromagnetic Interference Compatibility - Electromagnetic interference

which may be conducted or radiated from system components, and the v'alnerability

of this equipment to conducted or radiated interference are controlled within

the limits given in reference (2).

Interchangeability - A study is to be performed to determir_e utilization

of spares between the CM, SM, and the LEM.

4-21 INSTRKNENTATION SYST_4

General - The Instrumentation System detect_ measurers, and displays5 all

parameters required by the crew for monitoring and evaluating the integrity and

environment of the spacecraft_ performance of the spacecraft sysTems_ and crew

safety. It provides data for transmission to earth to facilitate ground assess-

ment of spacecraft performance and failure analysis. !* pro-_ides the crew with

the necessary information if required for abort decision. In addition_ the

capability is provided for documenting the mission through photography and

recording.

d

4-64 ...........



Q

.... _n=__um_n_a_lon oystem:

a_ Converts to electrical signals those physical

parameters which must be displayed_ recorded;

or transmitted°

b0 Obtains photographic records of events occurring

inside and outside the Command Module°

co Provides an optical means for observing events

external to the spacecraft.

._., Converts o_ticai__ data to electrical signals

through the use of TV equipment.

e, ,._on_mons electrical signals to a commgn level

__ allow convenient, display; recording and trans-

mi ssion.

Stores for future readout that data which a "_

be transmiLted to +..hegroumd in real time.

__Com<_i: Description - The Instrumentation System consists of physical

-_ ' _i.).-r,_piicak:zansducers_ tape recorder_ central timer: speclal radiation

]:_:_L';_m,-_n::s,gas analysis components_ signal condi%ioners_ data patch pan,-_<i_:_

_' ' _ -<-i_..'i.'-ion camera, u%e Instrumentation System is shown 3chemat±c_!!y in

:_- _ " _-_6_ A its% of the instrumentation components with their functior._,i

r-p _i _p g_v--=n in Table _-5.

i!-.__rormanc_;- The Instrumen1:ation System is construc+,ed ro f_rili_:aie

,_-_ir_<_:_'a,r,J:e_y gzoun4 personnel and by the crew. Each componez_,t an_ appurt-

•-_ _z:->:::_'.uch%_{ co2neotJng cables are as nearly self-contained as possi%!e _o

_r =_-J£_, _'-_mova! from the spacecraft. E±exibility for incorporation of' f_:_

%::__=i,.;m: or modifications is stressed throughout the design and assembly o:f
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Figure 4-26

Instrumentation System Schematic

(To be supplied)
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Table 4-5 INSTRUMENTATION SYSTEM COMPONENTS - FUNCTION AND DESCRIPTION

Component Function and Description

Transducers Accept physical parameters of spacecraft systems;

convert to electrical signals for telemetry, data

storage, or display to crew. The parameters include

(a) Temperature (h) Vibration(i) Vehicle

(2) Bio-medical

(b) Pressure

(c) Flow
(d) Volume

(e) Leak rate

(f) Acceleration

(g) Force

(i) Displacement

(j) Angular velocity

(k) Gas partial pressure

(1) Acoustic noise

(m) Strain

(n) Char and ablation

(a) Sphygmomanometer

(b) Clinical thermometer

(c) Metabolic balance device

(d) Pulmonary function device

(e) Cardio-vascular measuring device

(f) Stethoscope

Data Storage Equipment

( 2 sets)

(i) Tape Deck

(2 each)

(2) Recorder Electronics

(2 each)

Provides on-board storage and playback capability

for analog and digital data. Data can be recorded

during critical periods or communication blackouts

and played back for later transmission or stored for

playback after recovery. Two sets of data storage

components are provided for redundancy and for con-

tinuous information storage during blackout periods.

Consists of tape transport unit and record and play-

back heads. This unit holds magnetic tape and reels

and contains tape drive mechanism.

This unit is connected to tape heads to provide re-

cording, erase, playback of magnetic tape.

Spacecraft Central Timing

Equipment
Times various operations in spacecraft; consists of

stable oscillator reference and dividers to supply

various desired frequencies. Redundancy is incorp-

orated for reliable operation. Sync input is ob-

tained from the Guidance and Navigation System for

the following systems or equipments:

(a) Electrical Power System

(b) Telemetry equipment

(c) Data storage equipment

(e) Television equipment

(f) Crew display panel
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Table 4-5 (Continued)
6

R

Compone nt Function and Description

Radiation Detection Equipment Measures radiation rates and total dosages of

various types of particles.

Scientific Instrumentation

Equipment

Information to be supplied.

Gas Analysis Subsystem A single instrument or individual sensors for

determining the qualitative and quantitative

composition of the cabin atmosphere.

Signal Conditioning Equipment Conditions all analog signals to a standard level

and form prior to commutation in the telemetry

equipment.

Data Patch Panel Equipment

(i) Input Analog Patch Panel Provides facilities for connecting any analog

signal to input of signal conditioner.

(2) Output Analog Patch Panel Provides facilities for connecting output of any

signal conditioner to any channel or channels of

analog commutator.

3) Digital Patch Panel Ahead of digital commutator - permits flexible

selection of digital data.

Television Equipment

(1) Camera

(2) Monitor

(3) Associated Components

The television camera provides real-time video

for crew and earth-based receiving stations. Video

transmitted directly to earth via DSIIF transmitter

for observation of crew and flight operations.

Camera is capable of operation external to space-

craft for observing lunar surface operations.

A TV picture monitor on display panel allows crew

to monitor output of camera, includ:_ng data being

transmitted.

Permit operation of camera by the crew on the lunar

surface and external to spacecraft.

Photographic Equipment Description to be supplied.
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Table 4-6 INSTRUMENTATIONSYSTEM- PERFORMANCE

Component Performance

Transducers Sensor performance parameters such as accuracy,
resolution, etc., are optimized for each measure-
ment. Wherepossible, sensors will have an output
voltage of 0 to 5 volts dc and an output impedance
no greater than 5000 ohms.

Data Storage Equipment

(1) Tape Decks (2)

(2) Recorder Electronics

Recording and playback
speeds:
Tape format:

Tape capacity:

7.5 and 15 inches/second
i timing channel, 4 digital
channels, 9 analog channels
2300 feet (minimum) of i mil
tape

Digital channels capable of 2,000 bits/inch NRZ
digital data. Analog channels capable of 50 to
i0,000 cps analog at tape speed of 15 inches/second.

Spacecraft Central Timing
Equipment

Frequency standard accuracy of
over 14 day period. Timing input from Guidance and
Navigation System, 512,000 pps. (Outputs to be
supplied). Parallel output of PDMtime code for
display. Following controls are provided:

(a) Start
(b) Set and reset
(c) Advance and retard

Radiation Detection
Equipment

a. Personal Dosimeter - Description to be supplied.

b. Radiation Warning Instrument - A device operating
on r-f, X-ray or ultraviolet principle. Descrip-
tion to be supplied.

Scientific Instrumentation
Equipment

To be supplied.

Gas Analysis Subsystem To be supplied.

Signal Conditioning Equipment Outputs 0 to 5 vdc, output impedancenot greater
than 5000 ohms. Accuracy to be supplied.
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Table 4-6 (Continued)

Component Pe r formanc e

Data Patch Panel Equipment Provision for changing of interconnections during

mission.

Television Equipment Frame rate

Line rate

10-15 frames/second

200-300 lines/frame

Photographic Equipment To be supplied.
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all components and systems. Toward this end, the following features are

provided:

a. Spare conductors are included in each wire

group to permit system revisions or additions

without necessitating retrunking of wire runs

or additional bulkhead penetrations.

b. Insofar as possible, all spare contacts on relays,

switches, contactors_ etc., are wired and brought

to an accessible point for future use.

c. A patch and programming panel is provided for the

routing of signal inputs from sensors to any

selected signal conditioner and from there to any

desired commutator channel. Panel design provides

the capability of "repatching" during a mission.

d. A design goal is that all replaceable components

be constructed so as to be changeable by the gloved

hand.

The performance capabilities of the Instrumentation System components are

presented in Table 4-6.

Interfaces - Provision is made for optimum utilization of spares between

the CM_ SM_ and the LEM.

4-22 RECOVERY AIDS

General - The Recovery Aids System provides the necessary equipment to

accomplish the following objectives:

a. Locate and maintain a position plot of the CM

after impact.
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b. Establish and maintain voice communications

between the CM and recovery forces.

Equipment Description - The components of the Recovery Aids System and

their function and description are given in Table 4-7. The interconnection of

these components is shown on Figure 4-27.

Performance - The description of performance is the same as for the

Instrumentation System given in paragraph 4-21. Details are given in Table 4-8.

Interfaces - Recovery Aids are to be compatible with all existing and

planned military and NASA recovery equipment.

4-23 ELECTRICAL POWER SYSTEM

General - The Electrical Power System has major componen%s in both the CM

and the SM. For clarity; the entire system will be discussed in %his sec=ion

and the components housed entirely in the SM will again be briefly discussed in

the SM section.

Equipment Description

Major Components and Locations - The Electrical Power System is composed

of thd following major components:

a. Non-regenerative hydrogen - oxygen fuel cells

b. Mechanical accessories_ including control

components_ reactants tankage_ piping_ radiators_

condensors_ hydrogen circulators and water

extractors_ isolation valves and other devices.

c. Zinc-silver oxide storage batteries

B

B
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Figure 4-27

Interconnection of Recovery Aids Components

(To be supplied)
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Table 4-7 RECOVERYAIDS - COMPONENTSjFUNCTIONS_ANDDESCRIPTION

Components Description and Function

VHFAMTransceiver Described previously as part of Telecommunications
System. Used for voice communications between CM
and rescue aircraft after earth landing. Also pro-
vides direction-finding capability in event of VHF
Recovery Beacon failure.

VHFRecoverZ Beacon
Equipment

Provides aid to rescue aircraft in locating tlhe
spacecraft during post-landing phase. Compatible
with presently available radio direction finding
systems including IT_ and SARAHreceivers. Auto-
matically actuated on impact during water landing.

VHFRecovery Antenna
Equipment

(i) VHFRecovery Antenna

(2) Associated Components

Provides spacecraft antenna requirements for VHF
radio recovery operations during the recovery and
post-landing mission phases.

Consists of an extendable VHFantenna mhiclhextends
automatically after main parachute deployment. The
output from the VHFmultiplexer is switched to the
VHFantenna after it is extended.

This equipment includes switches, deployment
mechanism, and cables.

Backup VHFRecovery
Antenna

Provides redundant antenna functions for post-
landing phase. Handles all outputs of \IHFmulti-
plexer in the event that VHFRecovery Antenna is
not usable.

HF Transceiver Equipment Provides direction finding, keyed CW,and voice
communication during post-landing phase. Trans-
ceiver is single sideband, operating on one of the
two separate frequencies; one for day and one for
night transmission. Operates _nto HF recovery
antenna.

HF Recovery Antenna
Equipment

(i) HF RecoveryAntenna

(2) Associated Components

Provides spacecraft antenna requirements for HF
operation.

Consists of an HF whip antenna that is extended
after earth _mpact.
This equipment includes switches, deployment
mechanism, and cables.
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Table 4-8 RECOVERY AIDS - PERFORMANCE

Components Performance

VHFAM Transceiver See Table 4-4.

VHF Recovery Beacon

Equipment

Frequency .............. 243 mc

Frequency stability .... 0.005 percent

Modulation ............. Coded pulse or CW

Power Output ........... i watt CW, i00 watts peak

pulse

VHF Recovery Antenna

Equipment

General ................ Transmit and receive

Frequency .............. 225 to 260 mc, 300 mc

Pattern coverage ....... 0mni-directional in Y - Z

plane

Beamwidth 90 degrees
Polarization ........... Vertical linear

VSWR ................... 2 to i

System insertion loss-- i db

Power handling

capability ............. 90 watts pulse, 40 watts CW

Backup VHF Recovery
Antenna

Extendable; deployed manually after landing

HF Transceiver Equipment Frequency .............. 2 selectable preset fre-

quencies in the band 2 to

20 me

Frequency stabil_ty .... To be suppl_ed
Modulation

Type ................. SSB; KCW, voice or tone

Tone Modulation ...... i000 cps

Voice frequency

response ............. 300 to 3000 cps at _ 3 db

Power Output

Voice ................ 5 watts peak envelope power

Tone ................. 5 watts peak

HF Recovery Antenna

Equipment

General ................ Transmit and receive

Frequency .............. 2.5 mc, 8.4 mc

Pattern coverage ....... Omni-directional in Y - Z

plane
Polarization ........... Vertical linear

VSWR ................... 2 to i

System insertion loss-- i db

Power handling

capability ............. 20 watts peak envelope power
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d. Battery chargers

e. Static inverters

f. Electrical Power System display and control panels

The major components of the Electrical Power System are located as shown

in Table 4-9.

Table 4-9

LOCATION OF ELECTRICAL POWER SYSTEM COMPONENTS

Components Location

Fuel cells and controls

Tanks, radiators_ heat exchangers_ piping, valves

Total reactants plus reserve

Zinc-silver oxide batteries

Battery chargers_ inverters, power system

display and control panels

Command Module lighting

Service Module

Service Module

Service Module

Command Module

Command Module

Command Module

Fuel Cell Subsystem and Modules - The Apollo fuel cell subsystem consists

of three independent modules containing a number of non-regenerative hydrogen -

oxygen fuel cells with their reactant tankage components. One module supplies

the emergency power equipment of the space vehicle_ and the remaining two

modules are individually capable of supplying the normal power requirements.

Fuel cell modules are of a low pressure_ intermediate temperature_ Bacon

type_ employing dual-porosity nickel electrodes and operating at temperatures

up to 500 ° F. Aqueous potassium hydroxide is used as the electrolyte. The fuel

cell provides direct current electric power_ employing hydrogen and oxygen as

the reactants.
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Reactant Tankageand Flow Arrangement - Sufficient tankage is provided to

store all reactants for the fuel cell modules and environmental requirement for

a 14-day mission. Reactants are kept in the Bupercritical form and storage

provisions consist of two equal volume storage vessels for each reactant. 'The

main oxygen storage vessels supply both the Environmental Control System and

fuel cells.

aQ

b.

Reserves - The oxygen tankage volume includes

the fuel cell requirement plus l0 percent reserve

and the environmental requirement. The hydrogen

storage volume includes the fuel cell requirement

plus l0 percent reserve.

Tank System Arrangement - Adequate valves and controls

are provided to isolate identical reactant tanks from

each other_ and from the Environmental Control System

and fuel cell modules. Valve arrangements allow flow

from any reactant tank to any fuel cell module. 'lhe

subsystem redundancy is lO0 percent. Figure 4-28

presents the block diagram of the fuel system and

connections.

Radiator Subsystem - The space radiator subsystem is used to dissipate

waste heat generated in the fuel cells. Condensed water is separated and

supplied to the Environmental Control System in potable form. 'lhe radiator

subsystem is designed to be compatible _ith random radiator orientation in

space. The radiator is fixed and located at the outer surface of the SM.
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t Auxiliary Power Subsystem - The auxiliary power subsystem is composed

of the following components:

Re-entry and Recovery Batteries - Two zinc-silver oxide batteries

are provided to supply all CM electrical power requirements during re-entry and

recovery flight phases and the capacity of each battery is sufficient to supply

essential loads in the event of failure of the other battery. Re-entry batteries

are also used to supply peak system load demands during earlier flight phases.

Two battery chargers are provided to recharge' the re-entry batteries from fuel

cell subsystem power after such use. Each re-entry battery may be charged by

either battery charger in the event of failure of the other battery charger. At

times other than re-entry and recovery use and recharging_ these batteries are

isolated from load busses.

Post-Landing Battery - One zinc-silver oxide battery is provided

to supply essential loads during the post landing phase. This battery is normally

fully charged and isolated from the main electrical power equipment. Provision

is made to recharge the post-landing battery in flight from one of the battery

chargers in the event of conditions such as excessive battery temperature. For

normal post-landing conditions_ unused capacity of the re-entry batteries also

may be available for post-landing loads.

Electrical Power Distribution Subsystem

Load Classification and Power Source Operating Modes - All elec-

trical loads supplied by the distribution system are classified as Essential_

Non-essential, Pyrotechnic, or Post-Landing. Essential loads are defined as

those ioads_ except for pyrotechnic circuits_ which are mandatory for safe

return of the CM from any point in any mission. Non-essential loads are
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defined as those which are not necessary for @.uccessf_l comple±ion of _he mission.

Pyrotechnic loads are those that are essential in employing p_otechnic devices.

Post-landing loads are those required after earth landing. Table 4-10 define_

the load classifications and the provisions for various power-so_rce operating

modes.

DC Power Distribution - The output of all three fuel cell modules

and both re-entry batteries is fed to each of two isolated redundant essential

busses_ A and B as shown in Figure 4-29. Redundant essential loads are connected

alternately to essential buss A or B and non-redundant essential loais are

connected to both essential busses_ with isolation diodes used to retain isolation

of essential busses A and B. Redundant pyrotechnic busses are also providel and

supply only pyrotechnic loads.

All essential loads are thus connected to the two e_sen_ial hu_es

so that loss of power to either buss will not cause interruption of pow_r to any

essential load system.

The non-essential loads are connected to the mon-essen4_ial _

and provision is made for manually disconnecting these loads as a group _u_e_

contingency conditions. The non-essential buss is connectei to b_h essential

busses through isolating diodes°

Post-landing loads are supplied by the post-lanfling _U_Jo

Inversion and Distribution of AC Power - _ree static inve_ter_

are provided to supply 400 cps, 115/200 volts_ 3-phase a-c power _y inversion

from the spacecraft primary d-c power sources° One inverter has capacity for

supplying all spacecraft primary 400 cps power_ with the other t°_o inver_ers

acting as redundant idle standby units. _k'ansfer relays provide for manually

@
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s_mi%ching loads t] one of the other inverters in event of inverter failure.

Inverters supply a-c busses No. ! and No. 2 as shown in Figure 4-29. Re-

dmudant essential loads are alternately connected to these busses. Provision

is made to disconnect and isolate one of these busses from the inverter and

the other buss in the event of buss failure.

Power Returns and System Grounding - Power distribution from

the power sources is accomplished by a two-wire system for d-c loads and single-

phase a-c loads_ and a four-wire system for three-phase a-c loads° L-he power

return current passes through the second d-c wire (or single-phase a-c wire)_

o_ the fourth a-c wire for unbalanced three-phase a-c loads_ to a negative d-c

buss and a neutral a-c buss. 'lhese two busses have the only ground connection %D

spacecraft structuI_e in the spacecraft primary a-c and d-c power ....*=oy_ ....mo T_is

grouml connection is not interrupted by any control or switching device. The

nega4:ive and neutral retu_°n connections to primary power in each load system

a_= 1=o_a_i'__ _ from each other and are isolated from structure ground.

Circuit l___otection - Circuit protection for the primary power

sy_......em is provided by system circuit breakers and diodes shown in _mgu_T:°_= 4-29.

Ci:rcoit breakers are provided for each feeder from every buss for +he following

purpose_:

a. To clear the busses of ground faults in the load

system feeder wiring; or in other busses°

bo To protect feeder wiring from deterioration

caused by faults or overloads,

c. To prevent production of smoke or toxic fumes

in the CM.
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Wiring_ Control and Display - The power distribution subsystem

includes all necessary connectors, wiring_ switching_ relays_ controls_ and

indicating devices and interconnections between modules of various systems.

Those are used for controlling electrical power sources_ indicating source

and line status and supplying and controlling power to all electrical systems.

The distribution panels are maintained at ground potential, and are adequately

enclosed and protected to minimize hazards to the crew and provide maximum

protection for all the systems providing or requiring electrical service.

Switching and control is accomplished by manually-operated circuit breakers

or contractors in preference to electrically-operated contactors, except where

the use of a remotely controlled device is necessary to reduce conductor weight

or to locate circuit protection at an appropriate place.

External Power - Provision is made to energize the spacecraft

Electrical Power System for an external 28-volt d-c power source through an

umbilical connector° Transfer from external d-c power to internal d-c power is

made with no interruption of buss power and without the possibility of any source

feeding another during transfer. No provision is made for energizing the space-

craft a-c power distribution subsystem from an external a-c power source. The

spacecraft inverter is used to perform this function using external d-c power.

Operation

Fuel Cell

Operating Conditions - Nominal cell operating pressure and tempera-

tures are approximately 60 psia and 425 ° F to 500 ° F respectively.

Normal Operation - During all mission phases_ from _launch until
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re-entry_ the normal electrical power requirements of the spacecraft are supplied

by one of two parall_l fuel cell modules° The other fuel cell module acts as an

alternate or standby ur.ito A third fuel cell module supplies power to emergency

equipment of the spacecraft.

Emergency Operation - In the event of failure of any one fuel cell

module the failed unlt will be electrically and mechanically isolated from _he

suZsystem and the remaining modules will supply the power demand. In the event

two fuel cell modules fai1_ the remaining module wlll be capable of providing

emergency levels of power. _ne spacecraft electrical po_er loads will be Imme-

diate],y reduced by the crew and manually scheduled to hold wi_hln the genera*ing

capabilities of t_e one remaining fuel cell module.

Terminal Voltage - _ne subsystem voltage in all phases of normal

operations varies between the limits of 27 to 31 volts. In the emergency mode_

with one module operating_ voltage limits are the same and normal power will be

supplied.

Fuel _on:=.....Jmp_._on - _'_nde._normal conditions of op.,_ation__ _:he

specific fuel consumption does not exceed 0. 9 pound of hyd_og_n plus )xyg_n p_:r

kw-hr°

Water C_eneration -'lhe water generated by each fuel cell modu:L_

is po%ah!e and is separated from the reactants. During potah!e water separa#ion

from the reciT_uiating hy_<ogen stream_ the entry of hydrogen lot) the wa_er

system is prevented. ET_e water generation rates lie between 1o3 and 2o3 pound_:

per hour for normal operation and betw_en 0.8 and 2.7 pounds per hour for con-

tingency operation.
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Start Up Heaters - Self-sustaining reaction in the fuel cells is

initiated at a temperature of approximately 300 ° F. Internal heaters are pro-

vided to facilitate ground starting only. These heaters are not capable of

heating modules to excessive temperatures with the fuel cell and its cooling

system inoperative.

Power Distribution Subsystem Operation

DC Power - The following characteristics apply to all primary

system d-c loads whether supplied from fuel cells, re-entry battery or post-

landing battery, in either the normal or contingency operating modes. Values

given are as sensed at the load, and therefore include line and diode voltage

drops.

a. D-c steady-state voltage limits 25 to 30 volts

b. D-c transient voltage limits - 25 to 30 volts, with

recovery to steady-state conditions within 0.7 second

c. A-c ripple voltage limits - 250 millivolts peak-to-peak
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AC Power - The following characteristics apply to all primary system

a-c loads supplied (by inverters) from all d-c sources. Values given are as

sensed at the load and therefore include line voltage drop. The a-c power

described is available for all flight phases except post-landing.

a. Number of phases - three

b. Thase displacement - 120 ° _ 2°
/

c. Phase rotation - A-B-C referred to the buss phase designation

d. Nominal voltage 115 volts line-to-neutral s 200 volts line-

to-line

e. Steady-state voltage limits - 115 ± 2 voits_ line-to neut_a!

voltage

f. T_ansient voltage limits - 105 to 125 vo!ts_ recovery in 0°05

second.

g. Voltage unbalance - 2 percent maximum deviation of wo:rs%

phase from average

h. Power interruption - No interrupgion of a-c power fr)m pze-

launch through earth landing phases for normal ,or contingenzy

operating modes_ except in the event of inverter failure° BDwer

interruption in that event continues until a crewman manually

switches over to a standby inverter.

i. Nominal frequency - LO0 cps

j. Steady-state and transient frequency limits - For normal
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operation the static inverter is synchronized to the space-

craft clock_ with negligible frequency deviation as determined

by clock accuracy. For emergency operation in event of loss

of synchronizing signal of the spacecraft c!ock_ the steady-

state and transient frequency limits are 390 _ I0 cps.

Interfaces

Pre-launch Power Distribution - Ground Support Equipment d-c electrical

power is received by the SM Electrical Power System to replace the use of fuel

cells and batteries during system preflight checkout. Power demar_on the ground

power source vary from zero to 4_000 watts. Electrical power characteristics of

ground power at the spacecraft load is the same as provided by the spacecraft

power system. To provide voltage within these limits at the load s g_ound power

should be maintained within the limits of 27 to 31 volts at the _mbilical for

steady-state and transient conditions. External d-c power is provided to the

CM through two separate feeders to essential busses A and B. Each feeder is

capable of alternately being energized to check the spacecraft essential buss

isolation diode system. However_ both feeders operating in parallel are used

during maximum load conditions. The external d-c power does not ground the

spacecraft negative buss. No external a-c power is required for system pre-

flight checkout. External d-c power is used for this purpose_ a-c power being

supplied through the spacecraft inverter.

Umbilical Connectors - Release-type umbilical connectors are provided

at the interface of separable modules. Two umbilical connectors provide a

redundant electrical interface between the CM and the LES. An umbilical
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connec_o__ provides an interface between the CM and the SH and contains elec-

fr'[,_ui_mr_,:_c*._)r_,coaxial connectors_ coolant lines_ oxygen lines_ and a

w_f_c_, first,. 'iL_oe _r_bilical connectors are provided with a separation mech-

_rri:,m, _r< d_ _if<n_:d io prevent heat transfer_ and are sealed for corpuscular

_k_q,x,ucer - A solid state sequencer is provided to a_m and energize pyro-

technic d_v_c_s and cause sequential operation of the Launch E_cape and <he

Earth Landing Systems. The sequencer has redundant circuitry to provide for

dual inputs to each pyrotechnic device,

4-24 ...... _'C_,±_AN,,,EAND NAVIGATION SYS_

General - The CM Guidance and Navigation System provides guidanc: for <he

spacecraft during translunar injection, trans!unar trajectory_ lunar or_iTo

transearth injection_ and re-entry. _£he system also provide_ t_o_t m_ni_ring

capability d_ing earth launch and earth parking orbit for ±he purpose of

initiating an thor%; if required_ Quantities measured by the _sy_tem az=:

position_ ve!ocity_ and attitude of the spacecraft relative to an in£_%ia2

reference. From %his information, steering and thrust control signal_ a:_

generated for the Stabilization and Control System_ R_action Con%to! Sy_tem_

and SM Rropulsion Sy_stem.

_t Description - The major components of the Guitance and Navi-

gation _oys 8era are

a.

b.

C,

Inertial Measursment Unit (IMS)

Sextant (SXT)

Apollo Guidance Computer (AOC)
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d. Displays and Controls (D&C)

e. Scanning Telescope (SCT)

f. Power and Servo Assembly (PSA)

g. Coupling Display Units (CDU)

Inertial Measurement Unit (l_gC) - '!9_eIMU is a three-gimbai stabilized

platform using three 25-size Inertial Reference Integrating Gyroscopes (!R!G).

The stable member of the IMU has three 16-size Pulsed Integrating Pendimlimms

(PIP). The axis orientation of the IMU is such that with all gimbal angles

zero (gimbal axes orthogonal) the inner axis is aligned with the spacecraft

pitch axis_ the middle axis along the spacecraft yaw axis_ and the outer gimbal

axis along the spacecraft roll axis. All axes have unlimited angular freedom.

To avoid gimbal lock_ provision is made for accurately re-orienting the stable

member about the middle axis. The iMU will be space-aligned by means of Sextant

information_ and_ because of this_ the IMU and Sextant are mounted along with

the Scanning Telescope on a navigation base.

Sextant (SXT) - The SXT is used to:

a. Measure angle between line of sight to a star and

line of sight to landmark on the earth or im_ar

surface.

b. Measure elevation of line of sight to a star above

horizon of earth or moon.

c. Detect occultation of a star by earth or moon.

d. Provide erection signals for the imertial measurement

unit.
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The instrument consists of an optical assembly and a controller assembly.

'!he optical assembly has two lines of sight incorporating high magnification

optics (2° field of view). These lines of sight are capable of being separated

up to IO0 °. Means for precise reading of the angle between two selected lines

of sight are provided. Articulation of the lines of sight is accomplished by

rotating the sextant head about an axis (shaft axis) perpendicular to the space-

craft surface and a second axis (trunnion axis) perpendicular to the lines of

sight and the shaft axis. Depending on the results of reseazch in high vacuum

environment_ the instrument will be mounted in the space environment or behind

an optically flat window. The former configuration is preferred.

Some degree of attitude maneuvering will be required of t5._ spacecraft

in making sextant readings. The sextant controller will be used bythe crewmen

to provide resolved drive signals for the sextant and the Spacecraft A_Titude

Stabilization System during readings. The controller also reads the sextant

angles into the Apollo Guidance Computer°

Apollo Gui_ance Computer (AG3) - '__e A@C is the control cen_,er of the

guidance system. Stored within the A@.C are the programs which pezfozm _he

calculations necessary to navigate the vehicle to its destination, tUhe c_mp_e_

accepts mission parameters in digital form from the other unit_ of i_he _Juiiamce

and Navigation System through its input register s_ and issues _ommands in

digital form to the system through its output registers° L%_e compue-er al-o _,_

data_ displays data_ and accepts data from the crew which may be pertine_t to

the mission° In general_ the interface_s that the computer mus_ have include

I}gU angle pickoffs as whole numbers_ accelerometer readouts as incremen_s of

velocity_ sextant angle readouts_ sextant drive_ information for piloff display_
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and telemetry input signals to the Telecommunications System. As an integral

part of the computer subassembly_there is incorporated the necessary equipment

to operate and check out the computer. The control equipment will be madeup

of commandbuttons_ modeselection switches_ keyboard_ and paper tape reader

as input devices_ and as output devices there will be meters_ decimal number

lights_ and discrete lights. The computer subassemblywill contain service

access doors_ provision for temperature control and cabling between computer

modules.

An organizational diagram of the guidance computer is shownin Figure

4-30.

Displays and Controls - As previously described_ there are several dis-

play and control elements associated with the AGCwhich are incorporated into

a computer control panel. In addition to the computer controls_ another

important category of display and control equipment is the Mapand Visual

Data Display.

Large quantities of information in the form of maps_photographs_ check

lists and instructions_ numerical data and other information vital to the success

of the lunar mission are stored in the CMand are readily and conveniently avail-

able as neededby the crew. The information is stored on film and the crew can

call up any desired frame in a few seconds_ under control of the computer but

with provision for manual operation as well.

Scanning Telescope (SCT) - The SCTis used for acquisition and low orbit

landmark tracking functions in conjunction with the sextant. It incorporates

a variable magnification feature (i to 3 power) with corresponding field of

view (60° to 20o).
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The scanning telescope drives are similar to the sextant drives. They

are linked by analog electromechanical instrumentation to the scanning telescope

in order that the scanning telescope may be used as a finder for the sextant.

Power and Servo Assembly (PSA) - The PSA contains the electrical appa-

ratus for power distribution and signal conditioning within the Guidance and

Navigation System and includes the following items:

a. Platform servo amplifiers_ three required.

b. Accelerometer electronics_ three required.

c. Gimbal mounted preamplifiers_ six required.

d. Power supplies

i. i00, 800, 3200 cps sine wave

_. AC-DC converters

3. Power distribution interlocks

e. Gimbal angle data buffer

f. IRIG torque generator amplifiers_ three required

g. Buffers for analog displays

h. Drive electronics for sextant and scanning telescope

Coupling Display Units (CDU) - One of the main components of the Guidance

and Navigation System is the CDU which enables the computer to communicate with

the Inertial Measurement Umit and the Stabilization and Control System. The

CDU is composed of three shafts which correspond to the three gimbal axes of

the IMU. The shafts are driven by torque motors which may be controlled

through a digital to analogue converter by the computer. The computer accepts

information concerning the positions of the CDU shafts from incremental encoders

mounted on the shafts. Also mounted on the shafts are coarse and fine resolvers

Q
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6 whose inputs are the outputs of the l%gj gimbal resolvers, u_he resui±ing

electrical output of the CDU resolvers is an error signal which represents

the difference between the IMU gimbal position and CDU shaft position.

Operation

Ascent Monitor Mode - The ascent monitor mode of the G_N system is

utilized to monitor the boost phases of the mission. The primary f-_nc_ion of

the system is to monitor the boost guidance performance by comparing actual

boost trajectory against a pre--programmed trajectory. In this mode _e

system senses any deviation in the trajectories and hence a failur_ in the

performance of the boost guidance system. If a failure is sensed the system

informs t.he crew through the crew displays, k_ne system has no control function

in this mode of operation.

With the C_N system in this mode the CDU's are operating in a follow-

up condition so that they follow any changes in the iM_j gim%_ai po_iti-)n_o

In so doing +?ne C_ encoder output _ndicates actual L_ gimbal angle _hange:_

%o the computer. A% the same time the outputs of the _M_7 mounted accelezo-

meters send velocity information to the computer via the PSA. !h_ cDmputer

then compares The velocity and gimba! angle information receivel from _,he CI

& PSA against pre-progrsmmed data in order to determine boost gaidance per-

formance.

The computer is also using the _locity and g_mbal inf_ma%iom tn

compwte and update an a%ort-re-entry program which would %÷ initia%_i %y <he

crew in event of booster failure.

Orbital Navigation Mode - _n_neorioi+,al navigation mode is us e_ %0 d_ _rml ....
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the earth or lunar orbit parameters using on-board equipment. The scanning

telescope is used to acquire and track predetermined landmarks.

The IMU provides a reference for measuring spacecraft attitude using

the CDU's in the follow mode. The computer monitors the landmark line of

sight angle using the telescope incremental encoders. Whenthe navigator

has centered the landmark in the telescope field of view he presses the

"MARK"button. The instantaneous value of IMUand telescope angles_ in addi-

tion to the time at which the button was pressed is stored by the computer. A

series of similar sightings on each of a series of landmarks provides the com-

puter with the required data to calculate the spacecraft orbit.

Midcourse Navigation - The primary method of determining the position

and velocity of the spacecraft consists of a series of navigation sightings

on stars and landmarks using the scanning telescope and sextant. These

sightin_are made periodically during the translunar and transearth phases_

with the frequency of sightings increasing in the vicinity of the earth and

moon.

Optics are electrically positioned in response to manual controls.

Star and landmark line of sight information_ represented in terms of shaft

and trunnion angles_ is supplied to the computer. The particular star and

landmark to be sighted upon at any point in the trajectory is predetermined_

and maps and celestial charts of these targets are available in the map and

data viewer.

Attitude Control Mode - The attitude control mode is used during all

powered phases of flight (except very small_V's) and for orientation of the

spacecraft to a desired attitude.
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6 For spacecraft reorientation the computer calculates the platform

gimbal angles that are required to exist when the maneuver has b_en success-

fully performed. ihe CDU's are placed in the attitude control mode and th_

CDU resoivers positioned by the computer to correspond to the desired gimbal

angles. _he actual and desired angles are compared within the CLU's and ehe

error signals transmitted to the Stabilization and Control to reorient the

spacecraft. Attitude errors will exist until the spacecraft has been properly

positioned or if the spacecraft should deviate from the desired position.

During thrusting periods the computer may command minor changes to the

spacecraft attitude to compensate for any misalig_ment between the thrust

vector and the C.G.

Attitude Hold Mode - The C&N attitude hold mode is used to hold _%e

vehicle attitude to some desired position using the _mertial _easurement uLni%

to monitor spacecraft attitude changes° With the CDU's in the fo!.low mDde th_

spacecraft is positioned to the desired attit_ude _y the crew u_ing %he S%_Til-

ization and Control System controls, k_he CDU resolvers are then lockeJ to

retai% as a reference_ the gimbal angles that exist at the time "_he desi:_ed

a _ the *+°_,_attitude is reached° The C&N system is then pl _d in oa .....m,_,., hold mo_e

and the error signal from the CDU is initially zero. Amy s'Jbsequent deviation

of the spacecraft will change the gimba! angi_s and cause an error signal ta

be generated at the output of the CDU resolverso _nis error signal is u_e_ _y

the Stabilization and Control System to maintain the _"__e=1 ........spa_-_crafl a_titu_=_.

_V Mode - The G_N SV mode is used to command and cont_oi _he vehicle

during velocity change maneuvers. Prior to the initiation of the _i mode

information concerning the velocity and position of the vehlcie i_ ga<h ......_
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through midcourse navigation sightings utilizing the SXT and SCT. This infor-

mation is used by the computer to determine the magnitude and direction of the

required _AV.

Periodically the computer may be interrogated by the crew to display the

velocity change required. When the crew has determined that the required velocity

change is large enough to affect mission requirements they prepare the vehicle

and its systems for the maneuver. Preparation involves coarse and fine aligning

the IMU so that the platform "x" accelerometer lies along the thrust vector.

The vehicle is then positioned to align the thrust vector to the _V vector.

This operation may be accomplished manually or under C_N control. The crew

then manually biases the main SM propulsion engine nozzle so that thrusting will

be through the vehicle c.g.

When the IMUhas been aligned_ the vehicle positioned_ and the SM engine

nozzle biased the crew places the G&N system into the 2_V mode. At this point

an ullage maneuver is accomplished through the translational controls by the

crew. The accelerometers on the IMU sense the ullageacceleration and transmit

the information to the computer. At a predetermined level of ullage acceleration

the computer will initiate a thrust-on signal to the SM main engine.

The direction of the velocity gained during the thrusting period is

monitored by the accelerometers mounted on the IMU. This information is trans-

mitted to the computer which controls the thrusting direction. The computer

upon receiving information from the platform sensors that the vehicle is not

following the planned thrust direction commands the CDU resolvers to the proper

attitude. An attitude error results when the commanded CDU resolver position

is compared to the IMU gimbal resolver outputs_ which represent vehicle attitude.

4
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This error signal is transmitted through the Stabilization and Control System

to the SM engine gimbal actuators which change the engine nozzle position° In

so doing the attitude error is nulled and the vehicle aligned correctly along

the thrust vector.

The magnitude of velocity gained is also monitored by the IMU accelero-

meters and transmitted to the computer. When the proper magnitude of velocity

has been gained the computer initiates an engine-off command to ths SH engine_

in so doing the computer also allows for engine tail-off.

The crew monitors the G_N _V through the "x" body-mounted accelerometer

and AV monitor panel combination on the main control panel.

_V Monitor Mode - The function of the C_N _V monitor mode is to monitor

very small g_V's that may be performed by the Stabilization and Control System,

The G&N system will primarily be monitoring the amount of _V an_ will have no

control function in this mode.

In this mode of operation the IMU is aligned along the thrust vector,

The IMUmounted accelerometers send velocity i_formation to the comput<r via

the PSA. The CDU's are in a follow mode and the CDU encoder is informing _he

computer of actual gimbal angle changes° The computer uses this information

to update stored position and velocity data.

Re-entry Mode - The G&N re-entry mode is a vehicle control mode for £he

C_N system which is initiated upon entry at about 400_000 ft anl con±,inu_s un_i!

the recovery phase when the C_N system is shut down.

The purpose of this mode is to stabilize the vehicle during re-entry and

execute a pullout maneuver a_ a ae_erm_ned point of the entry trajectory, Pr_r

td ......,.... --" 4-99



,q_- _ I

to this mode of operation the SM has been jettisoned, the IMU has been coarse

and fine aligned, and any necessary re-entry data has been entered into the

computer.

Upon crew initiation of the G&N re-entry mode the computer determines the

necessary vehicle re-entry attitude and commands the CDU resolvers to be set to

that position. Actual position in gimbal angles from the IMU is compared to the

command attitude within the CDU. Error signals which represent the difference

between the required attitude and the actual attitude are generated at the CDU

resolver outputs. These signals are transmitted to the Stabilization and Control

System where they are used to activate the appropriate CM reaction jets to posi-

tion the vehicle. Once the vehicle has been positioned, any subsequent deviation

will change the gimbal angles and cause an error signal to be generated to re-

position the vehicle.

At a determined point on the re-entry trajectory the G&N system is required

to roll the vehicle for a pull-out maneuver. This maneuver is controlled by the

computer. The computer commands the CDU's to the desired roll position and the

vehicle is positioned through the same control loop as described for attitude

control.

Interfaces - To be supplied.

4-25 STABILIZATION AND CONTROL SYSTEM

General - The Stabilization and Control System (S&C) performs the follow-

ing functions essential to spacecraft operation:

a. Launch escape control

b. Angular orientation and stabilization of the spacecraft about

three axes under command of the crew, the guidance system, or

the self-contained standby inertial reference system.
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c. Engine control for separation

d. Translational control during earth rendezvous and docking

e. Thrust vector control during midcourse corrections and lunar-

orbital mission phases.

Equipment Description - The S&C System consists of the following basic

components:

a. Attitude reference

b. Body rate gyro package

c. Control electronic assembly

d. Manual controls

e. Displays

Attitude Reference - The S&C attitude reference provides angalar displace-

ment signals in three axes for spacecraft control and crew display during the

periods the IMU is not operating. The S&C attitude reference consists of three

body-mounted gyros which have the capability of being replaced _n flight w_thout

the use of precision alignment equipment. Provision is made to display the

measured body angular displacement in terms of an inertial reference frame.

Rate Gyro Package - The S&C System provides the necessary spacecraft

angular rate information for stabilizing the spacecraft in all modes of opera-

tion. The rate sensor package consists of three body-mounted rate gyros which

are replaceable in flight without the use of precision equipment.

Control Electronic Assembly The control electronic assembly coatains

all the electronics associated with the S&C System and is packaged to facilitate

the in-flight repair capability concept. The electronic assembly accepts atti-

tude and steering commands from the Guidance and Navigation System when it is

operating. Attitude information is accepted from the S&C attitude reference
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at all other times. The electronic assembly contains the necessary electronic

circuitry to allow the crew to command changes in attitude, when required, from

the manual controller. The electronic assembly contains the driver circuits

for the SM engine gimbal actuators and for the Reaction Control System control

valves. The circuitry provides the electrical signal to furnish the minimum

impulse required during the navigation sightings and to maintain attitude sta-

bility. The electronic circuitry contains the necessary logic circuitry to allow

any commanded translation maneuvers while maintaining attitude control and

stability of the spacecraft.

Manual Controls - The crew's manual controls consist of stick type con-

trollers; translation commands and rotation commands are on separate controllers.

The controllers are designed for use With a pressure suit gloved hand. Rota-

tional manual commands are in the form of rate commands to the S&C System.

The crew is provided the capability of positioning the SM engine such that the

thrust vector is aligned through the predicted spacecraft center of gravity

upon ignition of the SM engine.

Displays - The S&C displays are designed to give the crew instantaneous

visual information concerning the spacecraft attitude, attitude error, angular

rate, incremental velocity and re-entry deceleration. Attitude is displayed on

an all-attitude ball-type indicator and is obtained from the Guidance and Navi-

gation System when it is operating. Displayed attitude is obtained from the

S&C System at all other times. During velocity change maneuvers_ velocity to

be gained is displayed to the crew for monitoring the velocity change and shut-

ting down the SM engine in the event the G&N System fails to do so. The actual

velocity change information is the integrated output of a body-mounted accelero-

meter.

o
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During the re-entry phase, spacecraft deceleration and roll position is

displayed in the crew's zone of vision to enable the crewman to manually con-

trol the spacecraft in the event the G&N System is inoperative.

Mode Selection - The S&C System is designed to operate in various modes

during a mission. Selection of the modes such as navigation sighting, velocity

correction, and re-entry is controlled by the crew. A mode selector is pro-

vided to enable the crew member to switch to the desired mode of operation by

a single control.

Operation - The S&C System performs such functions as CM stabil_ty aug-

mentation, spacecraft attitude control and stabilization, and provides signals

for manual control of the spacecraft during the following mission phases_

a. Atmospheric abort

b. Post-atmospheric abort

c. Translunar and transearth

d. Rendezvous and docking

e. Re-entry

Atmospheric Abort - The S&C System provides stability augmentation for

the CM after launch escape system separation. The S&C System operates in a rate

mode for an atmospheric abort condition. Provisions are made for the insertioa

of vehicle rotational commands by the crewman through use of a manual rotation

controller.

Post-Atmospheric Abort - The S&C System provides attitude control and

stabilization of the spacecraft by position control of the SM Propulsion System

thrust vector for aborts occurring after the LES has been jettisoned and by use

of the Reaction Control System. The S&C System is capable of accepting attitude

and steering commands from the G&N System for path control.
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Translunar and Transearth - The S&C System provides attitude stabiliza-

tion and control in all modes of operation during the translunar and transearth

phases of the mission. The S&C System satisfies the navigational sighting re-

quirements for angular rates and orientation. It accepts attitude and attitude

change information from the Guidance and Navigation System when the G&N System

is operating The S&C System provides attitude information to maintain space-.,

craft orientation and stability at all times wlhen the G&N System is not operat-

ing. The S&C System also provides attitude, control, and velocity change in-

formation for display to enable the crew to accomplish transearth injection and

velocity change maneuvers in the event of an inoperative guidance system.

Rendezvous and Docking - The S&C System provides attitude and rate in-

formation for crew display and CM and SM control and stabilization during the

docking maneuver in the translunar phase. The required rotation and translation

maneuvers are commanded from the crew hand controllers. The primary rendezvous

and docking mission in the lunar orbit phase rests with the LEM. The spacecraft

S&C System provides maneuver capability for backup completion of rendezvous and

docking maneuver in the event the LEM is unable to complete the rendezvous and

docking maneuver.

Re-entry - The S&C System provides rate stabilization of the CM in the

pitch and yaw planes during the re-entry phase of the mission. The S&C System

provides rate stabilization and accepts attitude and attitude change commands

from the G&N System about the roll axis in the re-entry phase. The S_C System

provides roll attitude spacecraft deceleration for display to enable tlhe crew

member to manually control the spacecraft roll attitude.



Interfaces

Displays - Display of separation thrust signal_ is required during LES

operation, during the translunar injection, and during SM separation from the

CM. Spacecraft attitude signals are displayed throughout the mission.

Propulsion Commands - Translational data are required during the launch

phase, midcourse corrections, and lunar orbit maneuvers. Thrust vector control

signals are required during the launch phase, translunar injection, and each

operation of the SM propulsion system.

Attitude Control - Data and commands are provided to the S&C System by

the Guidance and Navigation System, tlhe crew, and the standby inertial reference

system. The desired reorientation, translation, or stabilization is accomplished

by means of reaction control jets. The SM Reaction Control System provides three-

axis attitude stabilization and minor translational capability throughout the

lunar mission from S-IVB jettison through SM separation from tlhe CM. After the

SM is jettisoned, the CM Reaction Control System provides three-axis control for

re-entry orientation.

4-26 ENVIRONMENTAL CONTROL SYSTEM

General The primary components of the Environmental Control System (ECS)

are located in the CM, with the system controlling the environment of tlhe Command

Module only. Additional components of the system such as heat exchangers, water

tanks, and gas storage vessels are located in the SM. A schematic is shown om

Figure 4-31.

The ECS accomplishes the following functions for a three-man space flight

of two weeks duration without requiring replenishment_
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a. Provides a "shirtsleeve" environment in the CM.

b. Provides a conditioned atmosphere for pressure suit operation

under normal and contingency conditions.

c. Provides thermal control of all equipment in the CM and SM

under normal and contingency conditions.

d. Provides a habitable environment in the CM for the crew for

a period of 24 hours after landing on land or water.

Equipment Description - The major equipment divisions of the ECS include

the following subsystems_

a. Pressure suit circuit

b. Water-glycol circuit

c. Command Module pressure and temperature control

d. Oxygen supply

e. Water Supply

These subsystems are integrated so as to provide life support and environ-

ment control both in flight and on the launc_ pad°

Pressure Suit Circuit Subsystem - The pressure suit circuit automatically

controls the flow, pressure, temperature, and composition of the pressure suit

gas. This subsystem in conjunction with the CM pressure and temperature control

subsystem, also controls the environmental conditions in the CM when any of the

crew are out of their pressure suits. To provide these functions, the following

equipment, is used_ water separators, a regenerative heat exchanger, oxygen

partial pressure controls, oxygen demand regulators, a debris trap, air com-

pressors, carbon dioxide and odor absorbers, a catalytic fil.ter and air cooler,

and a standby water evaporator. Component redundancies are provided to obtain

the reliability required for missions.
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Water-Glycol Circuit Subsystem - The water-glycol circuit subsystem is

a closed, intermediate, heat-transfer loop which permits heat to be delivered

from the space vehicle interior to two space radiator panels. This subsystem

provides cooling for electronic and electrical equipment in the CM by means of

pumps, heat exchangers, valves, and controls.

o

t

Command Module Pressure and Temperature Control Subsystem - This sub-

system automatically maintains the pressure and temperature of the CM interior

within prescribed limits. Thffs function is accomplished, in conjunction with

the pressure suit circuit subsystem, by means of regulated inflow recirculation

blowers, a heat exchanger, a temperature control and sensor snorkel valves, CM

pressure relief valve, and various other valves and controls.

Oxygen Supply Subsystem - The oxygen supply subsystem is subdivided as

follows :

a.

bo

c.

Normal oxygen supply

Partial pressure control

Re-entry oxygen supply

The normal oxygen supply is capable of supplying all of the required

oxygen for the entire mission up to the re-entry phase. The supply functions

by reducing the pressure of the space vehicle oxygen supply to the nominal

working pressure of the suit circuits and potable water tank pressure controls

and this is accomplished by suitable pressure regulators, demand regulators,

and shutoff and check valves.

The partial pressure control monitors the oxygen partial pressure with-

in the pressure suit loop and CM interior, and maintains the oxygen partial

pressure at a predetermined minimum level. This function is accomplished by

partial pressure sensors and controls, demand pressure regulators for 3.1 psia

operation, and inflow control valves.
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The re-entry oxygen supply storing gaseous oxygen at high pressure

supplies the oxygen for mission completion after separation of the SM from

the CM. During operation, the high pressure is reduced to the nominal work-

ing pressure of the suit circuit pressure controls. Oxygen storage tanks, high

and low pressure regulators, and valves are used in the subsystem.

Water Supply Subsystem - In addition to supplying potable water for con-

sumption by the crew members, the water supply subsystem provides supplementary

cooling of the water-glycol heat transfer loop in the event of insufficient heat

dissipation by the space radiators, and it provides contingency cooling of the

suit loop. Potable water is stored prior to takeoff and is replenished from the

fuel cell. Thsse functions are accomplished utilizing water, tanks, pressure

controls, and valves.

Operation

Pressure Suit Circuit - The pressure suit circuit is capable of ma_mtai_n-

ing the comfort levels for crew members _n conformance with requirements listed

in Table 4-12 while operating under the conditions listed in Table 4wll.

Water-Glycol Circuit The water-glycol equipment cooling circui_ is

capable of dissipating the major portion of the excess spacecraft internal heat

and providing thermal control of critical equipment. Performance of the equip-

ment cooling circuit is in conformance with ti_e requirements listed in Table 4-12

while operating umder the conditions listed in Table 4-11.

Command Module Pressure and Temperature Controls - The CM pressure and

temperature controls are capable of regulating the CM atmospheric pressure and

regeneratively conditioning the CM atmosphere in conformance with the require-

ments listed in Table 4-12 while operating under the conditions listed _n Table _-II.
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Table 4-11 OPERATIONAL CHARACTERISTICS OF THE ENVIRONMENTAL CONTROL SYSTEM

PARAMETER
Normal

OPERATING MODE

Contingency

ao Pressure Suit Circuit

Suit Conditions

Suit Pressure (psia)

Inlet Air Temperature (OF)

Inlet Air Dew Point (OF)

Volume Flow Rate per Suit (cfm)

Pressure Drop (inches water)

Outlet Air Temperature (OF)

Outlet Air Humidity (_)

Outlet to Cabin (crew out of suits)

Air Pressure (inches water above

cabin pressure)

Air Temperature (OF)

Air Dew Point (OF)

Volume Flow Rate (clan)

Inlet from Cabin (crew out of suits)

Air Pressure (inches water below

cabin pressure)

Air Temperature (°F)

Humidity (_)

(one or all of

crew in _suits)

14.7 to 7]0

50 to 80

40 to 60

5 to 12

6to9

70 to 80

40 to 70

2to6

50 to 80

40 to 60

36 (nominal)

3 to6

75 +_ 5

50 (Nominal

(all crew in

suits)

3.5

50 to 80

50 to 60

5 to 12

5 mominal)

70 to 90

50 to 70

*Compartment Decompression
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Table 4-11 (Continued)

PARAMETER

Normal

OPERATING MODE

Contingency

bo Water Glycol Circuit

Radiator Outlet Temperature (OF)

Inlet Temperature Suit Circuit

Heat Exchanger (OF)

Inlet from Electronic Cold Plates (OF)

Outlet from Electronic Cold Plates(°F)

Flow Rate Total (ibs/hr)

Coolant Pressure (psi)

C° Command Module Temperature and

Pressure Control

Temperature (OF)

Relative Humidity (_)

Pressure Total (psia)

02 Partial Pressure (mm Hg)

CO 2 Partial Pressure (mm Hg)

Noxious Gas

d° Oxygen Supply in Command Module

Supply Pressure from Supercritical

Storage (psi)

Supply Pressure from Re-entry

Storage (psi)

Regulated Pressure (mm Hg)

*Compartment Decompression

0 to 70

40 to 50

60 to 70

80 to i00

180 to 220

20 to 60

70 to 80

40 to 70

5.0 nominal to

15

233 (nominal)

0 to 7.6

Below Toxic Level

900

75o0

160 to 190

0 to 70

40 to 5o

60 to 70

80 to i00

180 to 220

20 to 60

40 to Z5

O_

3.5 (minimum for

5 m_n.)

O*

O*

O*

9OO

?5oo

3 • 5 _
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PARAMETER

Normal

OPERATING MODE

Contingency

e °

f°

Water Supply

Supply Temperature from Fuel Cell (OF)

Supply Pressure from Fuel Cell (psi)

Water Separator (ibs/hr recovered)

Water from Fuel Cell (ibs/hr)

Air Lock Pressurization

Decompression Time

Recompression Time

180 to 220

7 to 6o

O.k to 1.5

I.I to 2.3

To be supplied

To be supplied

180 to 220

7 to 6o

0.2 to 1.5

0.5 to 1.0

(electrical

contingency)
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Table 4-12 OPERATIONAL REQUIREMENTS OF THE ENVIRONMENTAL CONTROL SYSTEM

a, Total Pressure

Normal Operation (psia)

Contingency Operation (psia)

b. Command Module Temperature Limits

Normal Operation (OF)

Contingency Operation (oF)

CM Pressure Suits

Min. Max. Min. Max.

7.o 15.o 0 3.5

3.5 3.5 3.5 3.5

c. Command Module Humidity Limits

d°

7O 8O

7O 8O

So

Normal Operation (_)

Contingency Operation (_)

40 70

4o 7o

Electronic EQuipment Load

Command Module

Service Module

746 watts minimum

2344 watts maximum

60 watts minimum

580 watts maximum

Freon Requirements* (Supplied by GSE)

Suit Circuit Evaporator (ib/hr)

Glycol Circuit Evaporator (Ib/hr)

23.9 at launch

174.0 at launch

f. Average Daily Metabolic Rates

Oxygen Consumption

Carbon Dioxide Production

Heat Generation

Water Consumption

2.0 ibs/day/man

2.5 ibs/day/man

11,800 Btu/day/man

6.0 ibs/day/man

*Feed rates are based on i00 ° F saturated liquid supply and evaporation at 40°F

saturation temperature with no superheating.



Table 4-12 (Continued)
D

g. Specific Metabolic Rates

Condition

Shirtsleeve Atmosphere

Sensible Heat (Btu/man-hr)

Latent Heat (Btu/man-hr)

Oxygen Consumption (ib/man-hr)

Carbon Dioxide Production

(ib/man-hr)

Pressure Suit-Contingency

Sensible Heat (Btu/man-hr)

Latent Heat (Btu/man-hr)

Oxygen Consumption (ib/man-hr)

Carbon Dioxide Production

(ib/man-hr)

Pressure Suit-Launch

Sensible Heat (Btu/man-hr)

Latent Heat (Btu/man-hr)

Oxygen Consumption (Ib/man-hr)

Carbon Dioxide Production

(ib/man-hr)

Pressure Suit-Re-entry

Sensible Heat (Btm/man-hr)

Latent Heat (Btu/man-hr)

Oxygen Consumption (ib/man-hr)

Carbon Dioxide Production

(ib/man-hr)

At Re st

195

2O 5

o .o654

0.0765

170

23O

0.0654

0.0765

270

13o

o .o652

0.0765

26o

4o 5

0 .ii

o _29

Crew Activity

At Duty

220

335

0.0917

o .lO7

18o

375

o .o917

o .io7

0.0917

0.107

At Repairs

225

570

O.131

0.153

19o

6o5

o .131

o .153

4-114



b

S

m
Interfaces

Electrical Power - Electrical power having the following characterist]cs

is supplied to the Environmental Control System:

a. DC Power - to be supplied at a voltage of 28 + 2.0 volts; AC

ripple voltage not to exceed 0.250 volts, peak-to-peak.

b. AC Power - to be supplied at 208/120 volts, 400 cps.

c. Precls_on Power components requiring precision power ma,v

be required to contain their own regulation and control

provlsions.

Crew Systems

use by t_e crew

a

b

C

d

e

f

The following controls are provided as part of the ECS for

A manual override for the cabin compressors

A manual override for the suit compressors

A manual override for the humidity controller

A manual override for the temperature controller

A control to activate the re-entry oxygen supply

Any other controls that may be determined necessary

Displays - The follow_:ng displays are provided as part of the ECS for

use by the crew:

a

b

c

d

e

f

Total cabin pressure

Cabin temperature

Oxygen partial pressure

Carbon dioxide partial pressure

Carbon monoxide partlal pressure

Relative humidity.
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4-27 REACTION CONTROL SYSTEM

General - The complete CM Reaction Control System (RCS) consists of two

identical systems identified as system A and system B which are operated simul-

taneously during normal control operation. These systems are interconnected as

whown on Figure 4-32 • Each system consists of a pressurized helium storage and

distribution subsystem, an oxidizer storage and distribution subsystem, a fuel

storage and distribution subsystem and six rocket engine subsystems.

In the event of a failure of either system, the remaining system provides

adequate control to complete the mission safely. Malfunction detection permits

isolation of a failed system. Each system incorporates features for facilitat-

ing preflight servicing, checkout, and deactivation. The oxidizer and fuel sub-

systems are pressurized just prior to CM separation from the SM, at which time

the RCS System is activated.

After separation and prior to application of aerodynamic moments, the RCS

provides the CM with three-axis control for re-entry orientation. During re-

entry the system provides roll control and pitch and yaw rate damping. The roll

control engines are employed for CM orientation prior to touchdown.

During the boost phase, post maximum dynamic pressure aborts require the

Reaction Control System to orient the CM for landing system deployment.

Equipment Description - The CM Reaction Control System consists of various

components which are listed in Table 4-13 and shown on a schematic diagram on

Figure 4-33. Each of these components is categorized into one of three major

categories depending on the unit's function and location in the overall system.

Category A Category A components, as listed in Table 4-13 are those

components comprising the helium pressurization subsystem.

b
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Table 4-13 COMMAND MODULE REACTION CONTROL SYSTEM COMPONENTS

CATEGORY FIGURE COMPONENT TITLE FJNCTION
CODE NO.

A A-I

A A-2

A A-3

A A-4

A A-5

A

A

A

A

A

B. i

B.I

B.I

B.I

B.2

Vessel - Helium Pressure

Valve-Helium Fill, Manual

Valve-Helium, Squib

Valve-Helium, Solenoid

Operated

Regdlator- Helium Pressure

A-6 Check Valve-Helium

Pressure

A-7 Relief Valve-Helium

Pressure

A-8 Valve-Vent, Helium

Pressure

A-9 Coupling-Check, Helium
Pressure

A-IO Valve-Helium, Squib

B.I-I Tank-Oxidizer

B.I-2 Valve-Oxidizer Fill

Manual

B.I-3

B.I-4

B.I-5

B.2-1

B.2-2

Burst Diaphragm-0xidizer

Valve-Oxidize_ Solenoid

Operated

Coupling-Check_ Oxidizer

Tank - Fuel

Valve-Fuel Fill, Manual

Storage of high-pressure helium.

Fill point during ground servicing

operations.

Confine high-pressure helium to

storage area ddring ground

servicing operations.

Isolate the storage area tn t<e

evenZ of a downstream failure.

Maintain the required constart

dowv_stream pressure.

Prevent oxidizer and/or fuel from

backing up into helium sys*em.

Prevent overpressurization of fuel

and oxidizer system.

Depressurizes low pressure side

of helium system.

Provide pressure check point.

Connect helium system of systems

A and B.

Storage of nitrogen tetroxide

( Np _)

Fill point during ground servtctp.g

operation.

Confine N20 _ to storage area _r._il
it is pressurized.

Isolate storage area in the event

of downstream failure.

Provide pressure check point.

Storage of a 50/50 blend of UDM_!

and hydrazine {N2Ha)

Fill point duriag ground servicing

operation.
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Table 4-13 (Continued)
W

FIGURE
CATEGORY COMPONENT TITLE FUNCTION

CODE NO.

B.2 B.2-3

B.2 B.2-4

Burst Diaphragm - Fuel

Valve - Fuel, Solenoid

Coupling - Check, Fuel

Propellant Valves (2)

C C-2 Thrust Chamber

Confine fuel to storage area until

it is pressurized.

Isolate storage area in the event

of downstream failure.

Provide pressure check point.

The valves are electrically act-

uated solenoid valves matched

to provide simultaneous propel-

lant injection to the thrust

chamber.

The thrust chamber combines the

hypergolic propellants result-

ing in an exothermic reaction.

The resulting high pressure gases

are ejected through a nozzle and

the gas momentum is converted in-
to thrust.
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Category B - Category B components, as listed in Table 4-13 are those

components comprising the hypergolic propellant subsystem.

Category B.I - Category B.I components, as listed in Table 4-13 are those

components comprising the liquid oxidizer subsystem.

Category B.2 - Category B.2 components_ as listed in Table 4-13 are those

components comprising the liquid fuel subsystem.

Category C - Category C components, as listed in Table 4-13 are those

components comprising the rocket engine subsystem.

Pressurized Helium Subsystem - The pressurized helium subsystem is com-

posed of the Category A components. Each helium supply is contained within one

spherical tank which is cradle-mounted to minimize detrimental tank flexures.

During ground service operations and prior to initial subsystem pressurizatiom,

the high pressure helium is confined to the storage tanks by means of tlhe normally

closed squib valve. The squib valve contains an integral helium filter to pro-

tect the downstream regulators and check valves from iharmful foreign particles.

The manually controlled normally open solenoid valve provides the means of iso-

lating the storage tank from the downstream components in the event of downstream

leakage or component failure. Upon command, the squib valve opens the helium

supply to two individual pressure regulators connected in series. T_e check

valves downstream of the regulators prevent the propellants from entering the

helium subsystem in the event of failure of a propellant tank positive-exp,alsion

device. The relief valve contains an integral helium filter and prevents detri-

mental pressure buildup in the propellant storage tanks. The vent valve provides

means for venting the helium subsystem downstream of the check valves during

propellant servicing and helium depressurization operations. The solenoid valves

which connect the high pressure and regulated pressure areas of systems A and B
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provide an alternate path for pressurized helium in the event that a regulator

fails closed in either subsystem.

Oxidizer Subsystem - The oxidizer subsystem is composed of Category B.I

components. The fill valve provides for servicing the oxidizer subsystem during

ground operations. The oxidizer supply is contained within a hemispherically domed

cylindrical tank which is cradle-mounted and equipped with a positive-expulsion

device. Pressurized helium from the helium subsystem acts on the opposite side

of the positive-expulsion device forcing the oxidizer through the distribution

system to the rocket engine at the required feed pressure. During ground service

operations and prior to actuation of the helium subsystem squib valve, the oxi-

dizer is confined to the storage tank by means of the burst diaphragm assembly.

Th±s assembly contains an integral filter to protect the rocket engines from

harmful foreign particles. Upon initial pressurization of the subsystem, the

pressurized oxidizer ruptures the burst diaphragm and flows to the normally

closed oxidizer injector valves of the rocket engines. The manually controlled,

normally open solenoid valve provides the means of isolating the oxidizer storage

tank from the rocket engines in the event of a leak in the oxidizer distribution

system or malfunction of a rocket engine.

Engine Subsystem - Each rocket engine subsystem is composed of Category C

components. Activation of the propellant feed subsystem supplies propellant to

the normally closed solenoid inlet valves mounted on the rocket engines. Elec-

trical commands from the Stabilization and Control System open the oxidizer and

fuel valves simultaneously. In the event of failure in the S&C System, the crew-

man commands the engines on a separate manual circuit. The propellants, under

subsystem pressure, flow through their corresponding injector passages at high

velocity, impinge in the combustion chamber and react exothermicaily. The ex-
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pended high temperature gases flow through the chamberand nozzle, and exhaust

through ports faired into the CMskin producing the required thrust.

Performance - The performance characteristics of the various portions of

the RCS are as follows:

Pressurization Subsystem Components - All pressurization subsystem (Cate-

gory A) components are compatible with ihigh-grade oil-free commercial helium for

long periods of exposure and intermittent exposures of short duration. Helium

source pressure for the pressurization subsystem is approximately LSO0 psig. Pro-

pellant is distributed to tlhe engine at an approximate operating pressure of 170 psig.

Liquid Oxidizer Subsystem Components - All oxidizer subsystem t_a*_-_,,,__j B.I)

components are compatible with nitrogen tetroxide (N204) for long periods of ex-

posure and intermittent exposures of short duration.

Liquid Fuel Subsystem Components All fuel subsystem iCategory B.2) com-

ponents are compatible with a mixture of 50 percent hydrazine (N2HL) and 50 per-

cent unsymmetrical dimethylhydrazine (UDMH) for long periods of exposure and

intermittent exposures of short duration.

Rocket Engine Subsystem - The rocket engine _s a pressure-fed, pulse-

modulated_ ablation-cooled_ thrust generator with a dry weight of 8.5 pounds amd

has the following characteristics_

Fluid Compatibility - The rocket engine subsystem (Category C) com-

ponents are compatible wlti_ nitrogen tetroxide and wit_ a mlxture of 50 percent

hydrazine and 50 percent UDMH.

Thrust - During continuous operation the rocket engine develops a

vacuum thrust of i00 plus or minus 5 pounds.
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Specific Impulse - The rocket engine develops a specific impulse of at

least 300 seconds whenoperating for periods in excess of 800 milliseconds and not

less than 250 secondswhenoperating at pulse widths less than 800 milliseconds.

All componentsare designed to operate as required with negligible leakage.

g

Interfaces - The CM Reaction Control System has interfaces with the follow-

ing spacecraft systems:

Crew System - Integration is achieved in:

Normal Functions - Preparation of the system for engine ignition is

a normal crew function. The crew monitors the following system parameters:

a. Helium tank pressures and temperatures

b. Oxidizer manifold pressure

c. Fuel manifold pressure

Contingency Functions - In the event of a contingency, the crew is

able to manually override the automatic system operation. The crew has the follow-

ing additional capabilities:

a. Terminating or isolating the operation of either system A or B

in the event of the failure of one of these systems.

b. Providing an alternate path for the pressurized helium in the

event of the failure of the pressure regulation equipment.

Guidance and Control Systems - Integration is achieved with the Guidance

and Navigation System and the Stabilization and Control System, and the RCS accepts

control signals from them.

Telecommunications and Instrumentation Systems - The CM Reaction Control

System is integrated with the Telecommunications and Instrumentation Systems.

These systems also provide instrumentation and display values for the Crew System

monitoring functions.
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4-28 LAUNCH ESCAPE SYSTEM

General - The CM is fitted with a Launch Escape System (LES) as shown in

Figure 4-34. The LES translates the CM to a safe distance from the launch vehicle

in the event of a booster failure or imminent failure. The system is required to

perform the escape function prior to lift-off and through LES jettison at altitude.

The basic propulsion system is a solid-fuel motor with "step", or regressive, burn-

ing characteristics. Its nozzles are canted to avoid direct impingement of tlhe

exhaust jets on the CM. The LES is jettisoned at approximately maximum altitude

after "pad escape" or an appropriate time after high dynamic pressure escape. For

normal flights, jettisoning occurs during early operation of tlhe second stage of

the launch vehicle.

Equipment Description - The lIES contains the following subsystems and

components:

a. Launch escape tower

b. Electrical control subsystem

c. Separation subsystem

d. Launch escape motor subsystem

e. Jettison motor subsystem

f. Pitch control motor subsystem

g. Wire bundle fairing

h. Launch escape motor structural skirt

i. Jettison rocket motor adapter

j. Flow separator

k. Pitch control rocket motor adapter

i. Ballast enclosure

m. Nose cone
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b The rocket motors are provided with exploding bridge wire initiator systems.

Ballast and/or aerodynamic flow control devices are used, if necessary, to meet CM

launch escape requirements.

Launch Escape Tower - The launch escape tower is a four-legged truss struc-

ture connecting the launch escape rocket motors to the CM structure. The tower

is made of titanium alloy. The four longitudinal members are attached at their

lower ends to the CM by a release mechanism used for jettisonimg the escape system,

and, at their upper ends, to the structural skirt of the escape motor. The tower's

thermal protection provides 400+ ° F thermal protection prior to tower jettison.

Electrical Control Subsystem - A solid state sequencer provides sequential

operation commands for all phases of an escape and provides outputs to activate

the SM-CM separation initiator, tower separation mechanism initiator, escape motor

ignition, tower jettison motor ignition, thrust vector control initiator, tele-

metry signals, and recovery system initiators. Complete redundant circuitry is

provided. The LES electrical wiring is routed up the tower legs and through the

wire bundle fairing attached to the rocket motors.

Separation Subsystem - (To be supplied)

Launch Escape Motor Subsystem - (To be supplied)

Jettison Motor Subsystem - (To be supplied)

Pitch Control Motor Subsystem - (To be supplffed)

Wire Bundle Fairing - The fairing is a V-shaped metal tube attached to and

running longitudinally along the exterior of the ballistic enclosure, pitch control

motor adapter, jettison motor adapter_ and launch escape motor. This fairing pro-

tects the rocket motor ignition and "Q-ball" wiring.
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Launch Escape Motor Structural Skirt - The skirt is a metal truncated cone

with four longitudinal tubular members which transmit the load from the tower legs

to the thrust ring of the launch escape motor.

Jettison Rocket Motor Adapter - The adapter is a sheet steel cylinder whic_

supports and attaches the tower jettison motor to the launch escape motor. There

are elliptical openings in the lower portion of the adapter to permit the exit of

the jettison motor exhaust gas.

Flow Separator - The flow separator is a circular metal plate in the Y-Z

plane which is attached to the escape motor structural skirt. The separator

serves to decrease hot gas impingement upom the CM structure.

Pitch Control. Rocket Adapter - This adapter is a sheet steel cylinder

having an internal load bearing structure for supporting the pitch control motor.

The adapter has a circular opening for the pitch rocket e_haust e×_to

Ballast Enclosure - This enclosure is a sheet metal truncated cone hav-

ing provisions for intermal mounting of solid ballast.

Nose Cone - The nose cone is a sheet metal cone with an internal struc-

ture for supporting the Nortronic F 16 "Q" ball.

Performance - The variation of the required mission performance as a

function of abort timing is shown in Figure 4-35. The t_ree critical mission

abort phases are:

a. Pad abort

b. Maximum dynamic pressure abort

c. High altitude abort
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The mission abort phases respectively entail:

a. 5000 feet apogee altitude and 3000 feet range at apogee

consideration

b. Maximum miss consideration

c. Maximum g consideration

All of these relate to the effectiveness of the CM and launch vehicle

trajectory departures.

Interfaces

General - The sole physical interface of the LES is the tower truss con-

nection to the CM and associated tower separation devices.

Functional interfaces between the CM and LES are:

a. Sequence control signals

b. Steering command of the LES control system

Physical Interface Description - The LES is attached to the CM by a double-

jawed toggle mechanism in each leg as shown in Figure 4-36. Each mechanism grasps

a stud that is preloaded to the CM structure after the mechanism is locked. Diag-

onally opposite tower leg attach mechanisms are locked by a preloaded locking cable

passing through two cable cutting guillotines.

Functional Interface Description - The launch escape sequence controller

is initiated primarily from an externally derived signal. The sequencer then

transmits properly timed signals to ignite the launch escape, jettison, and pitch

motors. Sequencer signals also control the separation device operation. The

Stabilization and Control System, located in the CM, commands the thrust vectoring

of the launch escape motor.

4
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4-29 EARTH LANDING SYSTEM

General - The CM includes a parachute-type Earth Landing System (ELS) to

be used under all flight conditions for earth-landing requirements. The CM is

also compatible with the use of a moderate L/D terminal landing system_ such as

the parawing. The LES satisfies the following requirements after normal re-entry_

or maximum dynamic pressure excape and pad escape during abort:

a. Post-entry stabilization

b. Velocity control (maximum vertical velocity at 500 feet of

30 fps, maximum horizontal velocity of 45 fps)

c. Impact attenuation

The landing system reduces the CM velocity to 33 feet per second at 5,000

feet altitude for a normal or abort landing mode, and for either land or water

touchdown under the following dynamic conditions:

a. Equilibrium horizontal drift with a 30 knot wind

b. CM attitude not more than 8 degrees off the nominal descent

attitude

c. CM fully stabilized with no pitch or yaw rates

Ezuipment Description - The ELS consists of the following major assemblies:

a. Drogue parachute assembly

b. Main parachute pack assembly

c. Pilot parachute assembly

d. Main parachute disconnect assembly

e. Harness assembly

f. Sequence Controller

g. Heat shield separation assembly

4
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Drogue Parachute Assembly - This assembly consists of a 25 degree conical

FIST-ribbon-design parachute, a deployment bag for protection and orderly deploy-

ment, a ballistic mortar for ejection, and a riser of sufficient length to place

the parachute canopy in a favorable position with respect to module wake. The

riser attach points are favorable to CM stability. In addition_ a drogue dis-

connect assembly connects the drogue parachute riser to the CM.

Main Parachute Pack Assembly - The main parachute pack assembly consists

of the main parachutes_ designed to operate in a cluster of three, and a parachute

riser all packed in the main parachute deployment bag which protects the assembly

and ensures orderly deployment. The three individual main parachutes are simul-

taneously deployed by three individual ballistic-mortar-deployed pilot parachutes.

Pilot Parachute Assembly - Each pilot parachute assembly consists of a

ring slot-type canopy designed to control the deployment and inflation of one

main parachute, pilot parachute deployment bag_ pilot parachute ballistic mortar

assembly for ejection upon signal from the sequence controller, and a pilot para-

chute riser to restrain the pilot parachute during deployment and operation. The

riser is of sufficient length to place the pilot parachute in a favorable position

with respect to airflow around the CM and main canopy during inflation.

Main Parachute Disconnect Assembly - This unit connects tlhe three main

parachute risers to the spacecraft main harness assembly and disconnects upon

signal after impact.

Harness Assembly - The harness attaches to the parachute attach fittings

and extends to the main parachute disconnect assembly.

Sequence Controller - The controller contains necessary time delay relays

and baroswitches to sequence properly the following operations_
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a. Jettison of the forward compartment heat shield

b. Firing of the drogue mortar

c. Firing of the pilot parachute mortar

d. Arming of the main parachute disconnect impact switch

The sequence control system also provides conversion of crew command

signals to equipment actuation signals.

Heat Shield Separation Assembly - The forward compartment heat shield

separation assembly consists of devices for releasing the latch mechanism and

thrusting the forward compartment heat shield away from the CM so that the para-

chute deployment sequence can be initiated.

Performance

General The purpose of the ELS is to return the CM safely to earth whether

it be following re-entry from a normal mission or following any one of the abort

modes. Specifically, it provides (i) stabilization of the CM by means of a drogue

parachute for normal flights, (2) reorientation of the CM by means of a drogue

parachute for pad and other abort situations, and (3) reduction of the vertical

landing velocity by means of a cluster of three main parachutes sized such that

any two will satisfy the vertical landing velocity requirement.

Normal Mission - Following re-entry the crew arms the system and the normal

sequence of operations proceed as follows:

a. At 50,000 feet, after the Mach number has become subsonic, a

barometric switch initiates forward compartment heat shield

deployment. The heat shield is then deployed by electrically

firing gas generators and cable cutters. Two units are acti-

vated, each one cutting both cables, releasing all four latches,

4-13 4 '......I IIIIIII
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and energizing two thrusters to push the forward heat shield

away from the CM.

b. At 25,000 feet a barometric switch initiates firing of a mortar

which deploys the drogue parachute to stabilize tlhe CM.

c. Approximately 35 seconds later, at 15,000 feet, a barometric

switch initiates firing of mortars which simultaneously deploy

three pilot parachutes. The drogue parachute is released at

the same time.

d. Pilot parachutes pull out the three main parachutes which are

in the reefed condition.

e. Main parachutes are dereefed by reefing cutters 8 seconds after

deployment. Normal descent begins and the VHF antenna is

erected.

f. Impact - Main parachute is disconnected by crev_nan.

Alternate Mission - In the event of a contingency at low altitudes, the

landing sequence will be armed by the abort signals Since all barometric switches

are closed, operation of the landing sequence ls controlled entirely by time

delays as follows:

Time

(Seconds) Event

0 ....... Abort signal°

CM-SM separation; forward heat shield separation

into LES tower structure; LES tower jettison taking

forward heat shield along.

3 ....... Drogue parachute deployed.

Drogue opens, reorients CM to proper attitude for

main parachute deployment.

7 ....... Pilot parachutes deploy.

Landing sequence continues as normal.
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The performance of the sequence control subsystem is such that the failure

of critical components does not result in a failure of the entire system. This

is accomplished by incorporating two parallel sequence control circuits which uti-

lize crossover circuitry at critical components. In the event of failure of both

circuits, any operation in the landing sequence can be initiated by the crewman

at his discretion.

Interfaces - The automatic sequence controller coordinates all electrical_

pyrotechnic, and mechanical interface areas between the spacecraft and the asso-

ciated ELS. Sequence iniation can be commanded by either the crew or by the ground

support complex.

4-30 IN-FLIGHT TEST SYSTEM

General - The In-Flight Test System (IFTS) provides the crew with the means

for a rapid check on the status of the spacecraft systems and for isolating a mal-

function. The system provides a centralized panel with a go-no go test point read-

out and a coded readout showing which system and subsystem failed. A means for

manual testing and maintenance instructions are also supplied.

E_uipment Description - A block diagram of a typical in-flight test system

is shown in Figure 4-37. The IFTS consists of a (I) central panel, (2) programmer,

(3) switching complex, (4) comparator, (5) crew readout, (6) manual test unit, and

(7) stimuli generator.

Central Panel - The central panel for monitoring and manual testing by the

crew is the termination area for all test point wiring originating in the space-

craft systems.

Programmer - The programmer is a sequential switching device used to con-

trol the switching complex and comparator.

4-136 ............

4



l i
v

Z

m 1f

8
o

I

_ L___j m

i

t '
i '

l l
J I

'#
L

U

z

0

_ _ >. _-' "d _-

bb_
?oz

Z

i

u_

o ,_

_. z_
m _

z

OZ

_ t

-'F

i
I

_ =o.- i . c_ 1

#
I 0 _ 0 I '1

u ! u i

"-"'i _ _--....

E
o

C'I

!

°,--_

0

c_

0

ca
b-

t

4-137



Switching Complex - The proper switching complex connects standard voltages

and the test points to be monitored to the comparator.

Comparator - The comparator senses and compares the test signals and

standard voltages.

Crew Readout - The crew readout displays the result of the comparator

operation as a go-no go indication of the system or subsystem condition. It also

provides a coded manual test reference for use in performing manual tests or for

identifying maintenance instructions.

Manual Test Unit - The manual test unit, consisting of a scope and meter,

is used in making limited diagnostic tests through test points accessible at the

central panel. This is the first step in the maintenance of the spacecraft sys-

tems following a no go indication on the crew readout.

Stimuli Generator - The stimuli generator is used for two purposes:

a. For supplying stimuli and power to the non-operating redundant

circuits during the go-no go sequential tests.

b. For supplying stimuli to the system, subsystem, or module under

test to achieve a test point output.

Operation

General - An on-board manual provides test procedures, system datajiden-

tification of go-no go displays, manual testing methods, and maintenance procedures.

Automatic Monitoring - System and subsystem gross status are monitored and

displayed to the crew on a qualitative basis by automatic go-no go interrogation

of gross system test points. Provisions are made for control of automatic monitor-

ing by the crew. A coded display indicates which system is out of the "go"
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tolerance level.

Manual Testing - In addition to the gross test points, subsystem test

points are available for providing detailed subsystem functional data. Manual

testing may be employed as a verification or trouble-shooting procedure.

Interfaces - Automatic monitoring followed by manual testing may lead

to a decision for an alternate mission or an abort.

The gross system test points and the subsystem test points are acces-

sible to ground support equipment prior to launch. The IFTS is designed for

compatibility with the spacecraft Prelaunch Automatic Checkout Equipment (PACE).

Accessibility to system, subsystem and module test points permit in-

flight maintenance by the crew. Feasible on-board maintenance is limited by

the tools and spares provided.

4-31 EVENTS SEQUENCING

4-32 PRE- LAUNCH PHASE

General - During the pre-launch phase of the lunar mission, a complete

checkout of the entire spacecraft is performed. This phase is expected to

consume approximately one day from initiation of checkout to lift-off. During

the final stages of countdown the crew performs on-board system checks and

confirms a "go" status. The detailed checkout plan for the pre-launch phase

can be found in Reference (3).

4-33 BOOST PHASE

General - Status of all active CM systems is monitored during the launch

phase by crew members and by GOSS. The near-earth telemetry and voice communi-
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cations equipment are operating during this phase, along with the environmental

control, electrical power, and other "full-time" systems of the CM.

Guidance & Navigation System - The CM Guidance and Navigation System

provides continuous monitoring of the space vehicle trajectory during the boost

phase. Any significant departure from the nominal trajectory is indicated to

the crew for the purpose of initiating an abort.

Launch Escape System - In the event that an abort is initiated during the

boose phase, the LES is automatically programmed to place the CM on a safe escape

trajectory. During a normal mission, the LES is jettisoned ten seconds after

S-II ignition.

Earth Landin_ System - In the event that a boost phase abort occurs, the

LES is activated by the crew or by GOSS. Landing parachutes are automatically

deployed, bringing the CM to a safe landing.

4-34 EARTH ORBITAL PHASE

A second checkout of the CM and SM systems is completed by the crew

during this phase. Precision tracking by GOSS is also performed, utilizing

the C-Band transponder. Checkout procedures similar to the prelaunch count°

down are performed to insure a "go" status for the translunar injection. In

the event of certain contingencies during this phase, a normal earth orbital

mission may be continued and followed by a normal re-entry and landing. Cer-

tain other contingencies may lead to an abort maneuver utilizing the S-IVB

stage or SM propulsion.
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4-35 OTHER LUNAR MISSION PHASES

(To be supplied)
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SECTION V

SERVICE MODU LEI

5-1 FUNCTION

The Service Module (SM) contains the Service Propulsion Sy_:tem plus

selected equipment and stores which service the equipment and crew of the

Command Module (CM). It is unmanned, does not 1,equire in-flight crew access

and remains with the CM during lunar operations. It is separated from the CH

prior to re-entry and is nonrecoverable. The SM provides propulsion capability

for the Command-Service Module combination and its reaction control supplements

that of the CM. Its structure provides a mounting su_rface and environmental

protection for all Service Module systems, carries all ground and Flight loads,

and is comi)atible with the overall spacecruft structure.

'_ ])ESCRIPTTON

The SM consists of an ur@ressurized structure housing the service pro-

pulsion system and a majority of' the spacecraft, environmental control and

electrical power systems. Thms equipment is designed to Facilitate pre-flight

repair or parts replacement. Fuel tankage thermal protection is provided where

necessary.

The reference axes of the Service Module are orthogonal and correspond

to the respective axes of the Command and Lunar Excursion Modules.

5-3 WEIGNTS AND BALANCE

Two weights are defined for the Service Module.

5-4 CON'FROL W__[ONT

The contro]weight is used to determine critical design conditions for

systems whose functions or performance margins would be reduced by increasing
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the weight of the SM. The control weight is applicable only from lift-off to

translunar injection and includes all reactants, stores, and propellants ex-

cept the usable propellants of the service propulsion system. The control

weight is 10,500 pounds.

5-5 DESIGNGOALWEIGHT

The design goal(W_)used to determine nominal performance of system
wt.

operations affected by SMweight variations. The design goal is 9,500

pounds.

5-6 CENTER OF GRAVITY

(To be supplied)

5-7 INTERFACE S

5-8 COMMAND MODULE

The umbilical devices between the CM and SM are disconnected prior to

physical separation of the modules for any normal or abort mode.

Electrical The umbilical device connects the circuitry necessary for

integration of systems which are common to the SM and CM. Launch vehicle

propulsion, control, and structural abort information are provided to the CM

instrument panel through these devices. Information about the Lunar Excursion

Module (LEM) inside the Adapter is transmitted to the CM.

Mechanical - Nonfragmenting explosive devices are used to disconnect

the umbilicals and to separate the CM from the SM.

Fluids - Suitable connections are provided to conduct liquids and gases

between the SM and CM. Provisions are made to prevent contamination either

in mating or disconnection, and to ensure flow shut-off.
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5-9 ADAPTER

Electrical - Am umbilical device connects circuits for the launch vehicle

propulsion, control, and structural information required for crew determina-

tion of existing abort requirements. Connections are also provided for circuits

of the I_M which is inside the Adapter. The disconnects automatically separate

upon pull-away of the spacecraft from the launch vehicle.

Mechanical - Nonfragmenting explosive devices are used to separate the SM

from the Adapter.

5-10 GROUND SUPPORT EQUIPMENT

Electrical - The ground electrical power connection between the GSE and

SM is a pull-away type disconnect located on the SM outer skin.

Mechanical - The SM design provides attachment points for support cradles,

attitude positioners_ hoisting adapters_ tie down fittings_ and braces for

handling and transportation.

Fluids - The GSE and SM fluid system interfaces consist of fluid fill

and return connections for propeilants_ potable water_ liquid oxygen and hydro-

gen, and gaseous helium.

5-11 GROUND OPERATIONAL SUPPORT SYSTEM

Communications - The DSIF transponder and directional antennae are com-

patible with the DSIF network. DSIF antennae are designed and positioned so

that no blanking will occur while the earth is in the line of sight.
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5-12 MAJOR SERVICE MODULE SYSTEMS

5-13 STRUCTURAL SYSTEM

Loads - The SM structure accommodates all ground handling and flight

loads including those listed as follows:

a. Boost The external shell resists loads during the boost

phase of flight.

b. Launch Escape - The SM structure is not impaired by actua-

tion of the launch escape abort sequence in the launch pad

position. Launch escape system aborts within the flight

envelope do not impose catastrophic loads on the separation

components or tankage.

c. Separation - Separation from the Adapter is accomplished

with no subsequent recontact and resulting dynamic load in-

put to the SM. Separation is not impaired by tolerances on

spacecraft symmetry and assymmetrical thrusting of the launch

vehicles. Separation mechanisms do not release parts which

may damage critical components.

d. Jettison - Jettison of the SM is accomplished with no sub-

sequent recontact and resulting dynamic load input to the

CM. The disconnect mechanisms do not release parts which

may result in danger to the CM.

Thermal - The structure withstands the variation of thermal environment

during transportation, storage, prelaunch, and the launch and mission flight

phases without impairment of structural integrity relative to subsequent load-

ing conditions.
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Configuration - The configuration of the SM is shown on Figure 5-1

and is described as follows:

a. External Shell - The external cylindrical shell consists

of six structural panels of adhesive bonded aluminum honey-

comb sandwich structure. Except for the radiator areas of

the Electric Power and Environmental Control Systems_ the

panels are one-inch thick sandwich with 0.016 inch face

plates and 3/8 inch hexagonal core of 0.002 inch foil thick-

ness. The radiator panels are integral parts of the structural

panels. The external shell provides the primary load path

from the SM internal structure to the CM.

b. Aft Bulkhead - The aft bulkhead is an adhesive bonded aluminum

honeycomb sandwich structure. Its total thickness is 3 inches,

with 0.020 inch to 0.070 inch faceplates and a 1/4-inch ihex-

agonal core of 0.002 inch foil thickness. The aft bulkhead

covers the aft end of the SM and insulates the internal com-

ponents from service propulsion engine heat. It provides

primary support for the propellant tanks and service propul-

sion engine and transfers loads from these components to the

external shell.

c. Forward Bulkhead - The forward bulkhead is an adhesive bonded

aluminum honeycomb sandwich structure. Its total thickness is

one inch, with 0.010 faceplates and i/4-inch hexagonal core of

0.001 inch foil thickness. In addition to closing the forward

end of the SM, the forward bulkhead transfers lateral propellant

tank loads to the external shell and aids the external shell in

taking the transverse loads of the radial beams.
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d. Radial Beams - Six full length beams are radially oriented

within the cylindrical shell, joining the external shell

structure at the panel junction lines. These radial beams

are milled from aluminum plate, with the thickness tapering

from 0.090 inch to 0.020 inch in proportion to the imposed

loads. The radial beams assist the forward bulkhead in

transferring loads to the external shell and provide primary

load paths from the CM attachment points to the external

shell.

e. Attachment Points - The Command-Service Module attachment

points are located on the forward cuds of the radial beams

and loads are transferred through the radial beams to the

external shell of the SM. Six points, three for tension and

three for shear are provided for the CM. Release of the CM

from the SM occurs at the tension points. The SM-Adapter

attachment is a continuous ring and bolt circle. Linear

shaped charges are used for releasing the SM from the Adapter.

f. Access Provisions - The SM structure provides access for ground

servicing of all integral system components. Equipment bays

are accessible by removal of the structural panels of the ex-

ternal shell. In other areas partial panels may be removed•

Internal Arrangement - Exploded views of the Service Module are shown on

Figure 5-2.

5-14 SERVICE PROPULSION SYSTEM

General - During lunar orbit missions, the Service Propulsion System pro-

vides propulsion for gross translunar and transearth midcourse velocity corrections,
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Figure 5-2

Internal Arrangement of the Service Module

(To be supplied)
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and for lunar orbit injection and transearth injection. During earth orbit

missions, the system provides propulsion for earth orbital transfer and cor-

rection, and orbit ejection. The system is capable of providing the necessary

thrust for post-atmospheric abort following jettison of the Launch Escape

System.

Equipment Description - The Service Propulsion System consists of the

propellant supply and the engine subsystems, as shown schematically on Figure

5-3. A list of components and their functions is shown in Table 5-1.

5-15 PROPELLANT SUPPLY SUBSYSTEM AND COMPONENTS

General - The propellant supply subsystem is a pressure-fed_ series-

connected, free flow system which provides usable propellant to the engine at

the specified engine inlet conditions. The fuel is a mixture of 50_ unsym-

metrical dimethylhydrazine (UDMH) and 50_ hydrazine (N2H4) by weight. The oxi-

dizer is nitrogen tetroxide (N204). The propellant tanks are pressurized with

gaseous helium to provide propellant flow.

Construction - All components are compatible with high-grade_ oil-free,

commercial helium for long periods of exposure. Oxidizer system components are

compatible with a mixture of 50_ hydrazine and 50_ unsymmetrical dimethylhydra-

zinc for long periods of exposure.

Propellant Tanks - Propellants are stored in four hemispherically domed,

cylindrical tanks. Two of the tanks contain fuel in the amount of pounds

minimum and two contain oxidizers in the amount of pounds. The paired

tanks are connected in series and contain the necessary baffling and anti-vortexing

devices to prevent sloshing and vortexing of propellant.
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Table 5-1 SERVICE PROPULSION SYSTEM COMPONENTS

Figure

Code No. Component Title

Quantity

Reqd.

A-I

A-2

A-3
A-4

A-5
A-6

A-7

A-8

A-9

BI-I

BI-2

BI-3

BI-4

B2-1

B2-2

B2-3

Vessel - Helium Pressure

Disconnect - Helium Fill and Drain, Manual

Coupling - Helium Pressure_ Check

Valve - Solenoid Operated_ N. C. Helium Pressure

Regulator - Primary, Helium Pressure

Regulator - Secondary, Helium Pressure
Valve - Helium Pressure Check

Valve Helium Pressure Relief

Diaphragm - Helium Pressurc Burst

Disconnect - Oxidizer Vent_ Manual

Tank - Oxidizer

Disconnect - Oxidizer Fill and Drain, Manual

Propellant Quantity Gaging

Disconnect - Fuel Vent, Manual

Tank - Fuel

Disconnect Fuel Fill and Drain_ Manual

2

i

2

2

2

2

8

2

2

i

2

i

4

i

2

i

C-I

C-2

c-3

c-4

c-5
C-6

C-7
C-8

C-9
C-IO

Thrust Chamber Assembly

Valve Assembly - Fuel

Valve Assembly - Oxidizer

Actuator Assembly - Hydraulic

Valve Assembly - Solenoid

Valve Assembly - Check

Disconnect Assembly

Filter, Fuel and Oxidizer

Metering Orifice, Fuel

Metering Orifice_ Oxidizer

4

4

2

2

i

i
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Figure
CodeNo.

Table 5-1 (Continued)

ComponentFunction

A-I
A-2
A-3
A-4

A-5
A-6

A-7

A-8

A-9

BI-I

BI-2

BI-3

BI-4

B2-1

B2-2

B2-3

C-I

C-2

c-3

c-4

C-5
C-6

C-7

c-8

c-9
C-IO

Storage tank for high pressure helium gas

Helium Fill and drain point during ground servicing operations

Provides pressure check point during checkout operations

Isolates the helium storage tank in the event of downstream leakage

or component failure

Maintains the required downstream pressure

Maintains the required downstream pressure

Prevents the contact of fuel and oxidizer

Maintains structural integrity of propellant tanks in the event of

pressure rise in tankage system

Prevents propellant from entering relief valve, prior to rupture

Provides venting of propellant tanks during ground servicing operations

Storage tank for N20 4 oxidizer supply
Oxidizer fill and drain point during ground servicing operations

Positively seals oxidizer supply in storage tanks prior to

initial system pressurization

Senses remaining fuel and oxidizer level-transmitted visually to crew

Provides venting of propellant tanks during ground servicing operations

Storage Tank for 50_ N2H4 and 50_ UDMH fuel supply

Fuel fill and drain point during ground servicing operations

Positively seals fuel supply in storage tanks prior to initial

system pressurization

Combustion chamber

Serves as main propellant valve to control fuel flow to the combustion

chamber

Serves as main propellant valve to control oxidizer flow to the

combustion chamber

Controls position of gates in fuel and oxidizer main propellant valves

Controls fuel flow to the hydraulic actuators

Assures maintenance of pressure in actuator overboard feeder lines

Servicing point for applying fuel pressure for ground checkout of

engine valving

Prevents foreign particles from entering injector

Meters fuel flow to control O/F ratio

Meters oxidizer flow to control O/F ratio
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Each tank contains liquid level sensing devices which sense the level of

either the fuel or oxidizer remaining. This information is presented in a visual

display to the crew.

Description of the Subsystem - The helium supply is contained in two sphe-

rical tanks which are cradle mounted in order to eliminate detrimental skin

flexures. Each tank contains cubic feet of helium.

Two pressure regulation units, connected in parallel, are located down-

stream of the helium storage tanks. Each contains a primary and secondary pres-

sure regulator, connected in series. The upstream or primary regulator reduces

the tank pressure of psig to a value slightly greater than the required

downstream pressure. The secondary downstream regulator in the series reduces

the output of the primary regulator to the required downstream pressure of

psig. If the primary regulator fails open, the secondary regulator is capable

of maintaining the required downstream pressure when subjected to the resulting

increase in inlet pressure. Conversely, if the secondary regulator fails open,

the outlet pressure of the primary regulator is within the permissible operating

range of the engine.

Manually controlled, "normally closed" solenoid valves are installed up-

stream of each pressure regulation unit. These provide a means of isolating

the helium tanks in the event of downstream leakage or component failure.

A pressure relief valve and a burst diaphragm-integral filter component

are provided for each of the dual oxidizer and fuel tankage systems. The pres-

sure relief valve maintains the structural integrity of the propellant tanks in

the event of an excessive pressure rise within the tanks. The burst diaphragm

is utilized to prevent propellant from entering the relief valves at normal

operating pressure. The integral filter prevents foreign particles from enter-

ing the relief valve after rupture of the burst diaphragm. The normal operating
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pressure is psig and the diaphragm burst pressure is psig.

Two check-valve assemblies are located downstream of the pressure regula-

tors. One is located in the fuel tank pressurizing line and the other in the

line to the oxidizer tanks. Each assembly consists of two units connected in

parallel and each unit consists of two check valves installed in series. This

provides a redundant check-valve system to prevent contact of fuel and oxidizer

due to back-flow through the pressurizing lines.

Operation - Propellant supply subsystem operating pressures are as shown

in Figure 5-4. During both steady state operation and the starting modes, the

fuel and oxidizer pressures are within 2 psi of each other. The fuel temperature

at the engine inlet is maintained within 30 ° F to 135 ° F.

Following the helium pressure regulators, the helium path is split with

one path directed through a check valve assembly into one of the two fuel tanks.

Similarly, the other helium path is to one of two oxidizer tanks. Fuel and oxi-

dizer from the pressurized tanks are then forced through a standpipe into the

corresponding tank of each of the dual tank assemblies. Fluids from the second

tanks are filtered and fed directly to the engine fuel and oxidizer valves.

During a zero "g" condition, the initial ullage acceleration to force the

propellant to the bottom of the tanks is provided by the Service Module Reaction

Control System.

If it is found necessary to provide a method of propellant flow control

to achieve optimum propellant utilization, this method will consist only of a

crew-operated device installed in the oxidizer line and operable within the

specified engine inlet limits. No method of flow control will be installed in

the fuel side.

A propellant quantity indicating device senses the level of both fuel and

oxidizer remaining and transmits this information as a visual display to the crew.
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5-16 ENGINE SUBSYSTEM AND COMPONENTS

General - The service propulsion system engine is a liquid propellant

rocket engine employing nitrogen tetroxide as the oxidizer and a mixture by

weight of 50_ hydrazine and 50_ unsymmetrical dimethylhydrazine as the fuel.

Combustion results from hypergolic ignition of the two propellants. The engine

is pressure-fed, restartable, non-throttleable, and contains gimbal provisions

for thrust vector control. Chamber cooling is accomplished by use of an ablative

combustion chamber. A radiation-cooled nozzle extension is used to increase

propulsion efficiency.

Construction - The rocket engine is designed and constructed to with-

stand all strains, shocks_ vibration, and other conditions incident to shipping,

storage, handling, installation, and operational service. In service the design

provides for zero leakage throughout the range of operating pressures.

The principle of physical and functional interchangeability is employed

for the nozzle extension, combustion chamber, thrust mount, gimbal, gimbal act-

uator assemblies, actuator fluid check valves and the propellant valve assembly

which consists of the main propellant valves, valve actuators, pilot control

valves, and the engine-mounted propellant lines. The injector is physically

replaceable with interchangeable units.

The materials of construction are such that the function and performance

of all engine components are not degraded when exposed to propellants. This ex-

posure includes contamination with particles of a size limited to 250 microns.

The engine contains attaching pads or lifting lugs for the attachment of

ground handling equipment for installation of the engine into the spacecraft or

static facility, and for general ground handling and maintenance.

The dry weight of the rocket engine is 580 pounds.

4
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Combustion Chamber The combustion chamber has an outlet/inlet area ratio

of 6:1. The chamber includes an integral metal flange on each end for mechanical

attachment of the injector and nozzle extension, and supports for mounting the

gimbal assembly. The inner chamber wall is constructed of ablative material and

is designed to minimize the transmission of heat to the outer wall.

Injector - The injector has the necessary propellant volume and volume

ratio to attain optimum propellant utilization during start and shutdown trans-

ients. Fuel and oxidizer passages are separated by parent metal or redundant

weld joints. Fabrication procedures assure the absence of ships in injector

passages and deburring of injector orifices after drilling operations. The in-

jection pattern has optimized ignition characteristics, combustion stability,

and temperature distribution on the inner wall of the combustion chamber.

Nozzle Extension - The nozzle extension terminates at an effective area

ratio of 60:1 and is mechanically attached to the combustion chamber. The radia-

tion cooled nozzle is contoured to produce maximum thrust and does not suffer

performance degradation due to mechanical and thermal stresses during its life.

Propellant Valve Assemblies - Propellant flow is controlled by mechanic-

ally linked main propellant valves furnished in a redundant series-parallel

arrangement as shown in Figure 5-3. The valves are controlled by hydraulic-type

actuators and application of fuel pressure to the actuators is controlled by

normally closed solenoid valves. The valving system ensures continued or sub-

sequent engine operation in the event of a valve failure in the closed position

and to prevent propellant loss for a valve failure in the open position.

Thrust Mount - The thrust mount is compatible with the airframe struc-

tural mounting attachments. The gimbal-thrust mount combination provides an
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accurate meansof aligning the gimbal bearing axes in the spacecraft reference

system. The thrust mount design, through selection of a suitable natural fre-

quency, does not amplify the basic combustion frequencies of the thrust chamber-

injector or induce divergent vibratory characteristics.

Gimbals - The gimbals provide _ 8.5 ° engine inclination with respect to

a line perpendicular to the engine mounting plane and turn the engine assembly

at a rate of + 0.35 radians per second. Electromechanical actuators for the

gimbals incorporate redundancy to achieve the prescribed engine reliability

level. The gimbal actuator has a duty cycle as defined on Figure 5-5.

Instrumentation - The engine is provided with the following instrumentation_

a. One combustion chamber pressure transducer

b. Redundant position potentiometers on each inter-linked fuel-

oxidizer propellant valve.

c. Redundant gimbal angle position sensors for measurement of

both pitch and yaw angles.

d. Two temperature sensors on the outside surface of the com-

bustion chamber.

5-17 REACTION CONTROL SYSTEM

General - The SM Reaction Control System (RCS) consists of four identical

and independent reaction control units located at 90o intervals around the c_r-

comference of the SM as indicated on Figure 5-6. Each unit consists of three

storage and distribution systems, for hel_um, oxidizer, and fuel, and four rocket

engine systems. The propellant is a combination of monomethylhydrazine (MMH) and

nitrogen tetroxide (N204).
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B

The RCS provides stabilization and altitude control about three axes of the

spacecraft in all phases of flight subsequent to booster separation and prior to

CM separation from the SM. It contains the flexibility to satisfy functional re-

quirements of all missions. The system performs additional functions as follows:

a. Docking Maneuvers - The RCS provides three axis orientation and

translational velocity increments necessary to accomplish initial

docking with the LEM. This involves the maneuvering of the CSM

to effect the joining of the LEM to the forward portion of the

CM. The RCS is used as an emergency or back-up means of docking

with the LEM after lunar landing and launch have been effected.

b. Velocity Corrections - The RCS provides ullage acceleration and

minor velocity increments for the Service Propulsion System. The

RCS provides spacecraft orientation while major velocity correc-

tions are accomplished by the Service Propulsion System. In the

event of malfunction of the Service Propulsion System during

translunar flight, the RCS provides translational velocity in-

crements up to a maximum of i00 feet per second to bring the

spacecraft to an earth return trajectory.

c. Separations - The RCS provides translational acceleration for

normal mode separation of the spacecraft from the launch vehicle.

It also supplies a sustained acceleration of the SM for separa-

tion from the CM prior to re-entry.

Pressurized Helium Subsystem - This subsystem is composed of Category A

components listed in Table 5-2 and Figure 5-6. The helium supply is contained

within four spherical tanks which are cradle mounted to minimize detrimental

skin flexures. A system of four pressure regulators connected in a parallel-

series arrangement is located downstream of each helium storage tank. The first
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Table 5-2 SERVICEMODULEREACTIONCONTROLSYSTEMCOMPONENTS

Figure 5-3
Category Code No. Component Title Function

A A-I

A

Vessel - Helium Pressure

A-2 Valve - Helium Fill,

Manual

A A-3

A

A

A

A

A

B

B

B

B

B

Valve Helium, Solenoid

Operated

A-4 Regulator - Helium

Pressure

A-5 Check Valve

Helium Pressure

A-6 Relief Valve Helium

Pressure

A-7 Valve - Vent

Helium Pressure

A-8 Coupling - Check

Helium Pressure

BI-I Tank Oxidizer

BI-2 Valve - Oxidizer Fill_

Manual

BI-3

BI-4

B2-1

B2-2

B B2-3

Valve - Oxidizer Solenoid

Operated

Coupling - Check Oxidizer

Tank - Fuel

Valve - Fuel Fill,

Manual

Valve Fuel Solenoid

Storage of high pressure

helium

Fill point during ground

servicing operations

Isolate the storage area
in the event of a down-

stream failure

Maintains the required con-

stant downstream pressure

Prevents oxidizer and/or

fuel from backing up into

helium system

Prevents overpressurization
of the fuel and oxidizer

system

Depressurize low pressure

side of helium system

Provide pressure check

points

Storage of nitrogen

tetroxide (N204)

Fill point during ground

servicing operation

Isolate storage area in the

event of downstream failure

Provide pressure check

point

Storage of MMH

Fill point during ground

servicing operation

Isolate storage area in the

event of downstream failure
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Table 5-2 (Continued)

Figure 5-3

Category Code No. Component Title Function

B B2-4 Coupling - Check Fuel Provide pressure check

point

C C-I Propellant Valves (2)

C C-2 Thrust Chamber

Control propellant flow

to the engine on demand

Provides impulse for

spacecraft control
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regulator in a parallel path reduces the upstream pressulle of about 4500 psia

to a valve slightly higher than the required downstreampressure. The second

regulator, in series with the first, reduces the pressure to about 170 psia.

If the upstream regulator fails open, the second regulator is capable of main-

taining the required down-stream pressure. Conversely, if the second regulator

fails open, the first regulator maintains the pressure within the permissible

operating range. The parallel arrangement permits continued operation in t_e

event either of the series regulators fail closed. A manually-controlled,

normally-open solenoid valve is installed upstream of the pressure regulation

system and actuation of this valve provides the meansof isolating the helium

tank in the event of down-stream leakage or componentfailure. Check valves

downstreamof the regulators prevent propellants from entering the helium sub-

systems in the event of failure of propellant tank positive-expulsion devices.

Relief valves contain integral helium filters which prevent excessive pressure

buildup in the propellant storage tanks. Vent valves provide meansfor releas-

img helium downstreamof the check valves during propellant servieing operations

and helium depressurization operations.

Oxidizer Subsystem - The oxidizer subsystem is composed of Category BI

components listed in Table 5-2. The fill valves provide for servicing t_e oxi-

dizer subsystem during ground operations. Four hemispherically-domed cylindri-

cal tanks for the oxidizer supply are cradle mounted. Pressurized helium acts

on a positive expulsion device in each tank and this forces oxidizer to the

rocket engines at the required feed pressure. A manually-controlled, normally-

open solenoid valve provides the means of isolating the oxidizer storage tank

from the rocket engine in the event of a leak in the oxidizer subsystem or a

malfunction of a rocket engine.
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Fuel Subsystem - The fuel subsystem is composed of Category B2 components

listed in Table 5-2. The fill valves provide for servicing the fuel subsystem

during ground operations. The fuel supply is contained within four hemispherically-

domed cylindrical tanks which are cradle mounted. Other provisions for control of

fuel flow include helium pressurization_ and are like those described for the

oxidizer subsystem.

Rocket Engine Subsystem - Each rocket engine subsystem is composed of

Category C components listed in Table 5-2. Activation of the propellant feed

system supplies propellant to the normally-closed solenoid inlet valves mounted

on the rocket engines. Electrical signals from the Stabilization and Control

System open the oxidizer and fuel valves simultaneously. In the event of failure

in the S&C System, the engine valves may be operated on a separate manual circuit.

The RCS employs sixteen rocket engines mounted in clusters of four on the

external surface of the SM. Eight rocket engines are for roll control, four are

for pitch control and four are for yaw control. Control for each axis is supplied

by pairs of engines arranged to provide rotation without translation. One engine

of each pair is supplied by one of the independent propellant supply systems.

Each rocket engine is a pulse-modulated, pressure-fed, radiation-cooled

thrust generator and has the following characteristics:

a. Thrust - It develops a vacuum thrust during continuous opera-

tion of i00 pounds plus or minus 5 percent.

b. Thrust Transient Rate - It develops a thrust buildup and decay

as described in Figure 5-7.

c. Specific Impulse - Under vacuum conditions and continuous opera-

tion, the engine develops a specific impulse of 300 seconds

when operating for periods in excess of one second as shown

on Figure 5-8. The engine system achieves a minimum total

• ,_ 5-25
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do

e.

f.

g.

impulse bit, demonstrated by repeatability within plus or

minus 15 percent, of not more than 0.65 pound-seconds.

Weight - Its dry weight does not exceed 3.75 pounds.

Reliability - It has a numerical reliability of no less than

0.994 over an operating life of 1000 seconds after completion

of acceptance testing.

Pressures Helium source pressure for the pressurization

system is approximately 4500 psig. Propellant is provided to

the engine at an approximate operating pressure of 170 psia.

Operation - The four independent units of the system may be

used simultaneously during normal reaction control operation.

The normal mode of operation for roll, pitch, or yaw control

consists of firing two opposite engines to result in a couple

about the appropriate axis.

_Any three of the control units are capable of perform-

ing the maneuvers required for safe return of the CSM following

failure of a single unit at any time during tlhis mission. In

the event of Stabilization and Control System malfunction, the

crewman may assume manual control over operation of any com-

bination of the 16 rocket engines through use of a separate

control circuit. Means for identifying and isolating a failed

unit and engine are provided.

The complete system incorporates features to facilitate

preflight servicing, checkout, and deactivation.

Interfaces During normal operation, the SM Reaction Control System

receives electrical signals from the Stabilization and Control System for pulse-

modulated control of engine total impulse. Electrical characteristics of the
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O system permit the use of common driver circuits from the SM and CM Reaction

Control Systems.

5-18 SUPERCRITICAL STORAGE SYSTEM

General - This system stores hydrogen and oxygen as liquids, supplies

gaseous oxygen for the CM cabin and pressure suit atmosphere and LEM pressure

suit atmosphere, and supplies gaseous hydrogen and oxygen for fuel-cell opera-

tion. The system provides: A sufficient quantity of oxygen and hydrogen for

safe return of the three man crew from a 14 day lunar landing mission; minimum,

normal and contingency flow requirements; negligible loss of operating fluids;

and storage in a supercritical state.

E_uipment Description

Cryogenic Storage Tanks - Four spherical tanks are mounted on tubular

flanges, pounds of oxygen are stored in each of two oxygen tanks and

pounds of hydrogen are stored in each of two hydrogen tanks.

Insulation - The maximum allowable heat leak is about 1.09 watts

(3.75

Electrical Heaters - Maximum flow rate conditions require 370 watts for

oxygen and 30 watts for hydrogen. Redundant heaters are provided.

Quantity Gaging - Quantity Sensors are provided.

Operation - The Supercritical Storage System functions according to the

following conditions:

a. Cool down and fill time

b. Pressure buildup time

40 minutes

50 minutes

_____._L_IIII ..... 5-29
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c. System flow response

dJ

e.

Standby time, tanks full -

Control pressure range -

f. Relief pressure

0.45 to 39 ib/hr in 45 seconds

and return in 60 seconds

30 hours

Oxygen: 820 to 900 psi at about

280 ° F

Hydrogen: 190 to 250 psi at about

415 ° F

Oxygen_ Open 1020 psla, reseat

1005 psia

Hydrogen: Open 295 psia, reseat

280 psia

Interfaces - Tank capacity, tubing_ valves_ sensors and controls are com-

patible with the supply, measurement and control requirements of the CM and hEM.

< 7_ ENV!RONNE_NTAL CONTROL SYSTEM

General - The SM Thermal Control System performs the following functions

for a ik-day lunar landing mission.

a. Transfers heat through the coolant circuit to the CM.

b. Provides cooling for electronic equipment located in the SM.

c. Provides for thermal control of the Service Propulsion pro-

pellant feed subsystem.

d. Provides for control of heating from the Service Propulsion

and Reaction Control Systems

e. Provides thermal control by radiation to space from the SM

radiators.

The SM Thermal Control System uses both active and passive means of

thermal control to accommodate heat dissipation of the CM equipment and crew,
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6
and the SM equipment. A schematic of the system is shown on Figure 5-9.

EQuipment Description

Equipment Cold Plates - The SM equipment cold plates provides for the

transfer of waste heat from the electronic components to the liquid coolant.

Space Radiators - The space radiators are integral with the SM skin and

dissipate CM and SM heat. Radiators are designed to provide cooling with random

orientation of the spacecraft. For example_ during lunar orbit the spacecraft

may be assumed to be oriented with its x-axis toward the lunar surface within

30 degrees. For redundancy, dual coolant loops to multiple radiator panels are

provided. Radiator design takes into account the water management planning.

Operation - The coolant enters the SM through a quick disconnect located

at the interface of the CM and SM and circulates through the SM equipment cold

plates and space radiators. In normal operation of the system prior to lift-

off, space radiators are isolated and the total heat load is dissipated by liquid

coolant in the water evaporator with ground support Freon.

Basic operating parameters are shown in Table 5-3- Space radiator charac-

teristics are given in Table 5-4.

Table 5-3 BASIC RADIATOR OPERATING PARAMETERS

Parameters
Operating Mode

Normal Contingency

Radiator Outlet Temperature

degrees Fahrenheit

Flow Rate Total, ibs/hr

Coolant Pressure, psia

-20 to i00 -20 to i00

160 to 200 160 to 200

9 to 60 9 to 60
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Table 5-4 SPACE RADIATOR CHARACTERISTICS

Number of Panels

Passages per Panel

Passage Flow Area/Tube

Wall Thickness

Radiator Area

Emmissivity

Material

Heat Load

Earth Orbit

Translunar Coast

Lunar Orbit

Supplemental Water

Earth Orbit

Translunar Coast

Lunar Orbit

Tube Spacing

Tube Length

Fin Thickness

Inlet Temperature

Outlet Temperature

Average Surface Temperature

2

9

0.016 inch

0.032 inch

82 ft 2

0.95 coated

Aluminum

92_ BTU/hr

7083 BTU/hr

5289 BTU/hr

2.0 ibs/hr

0

1.3 ib/h_

6 inches

93 inches

0.032 inch

ii0 ° F. max.

45° F. Normal

0 - 20 ° F.
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5-20 ELECTRICAL POWER SYSTEM

IIII .....

General - The Electrical Power System is included in the Command Module

section of this document (IV). However, the fuel cell modules, which provide

the main d-c power source are located in the SM and the equipment is described

briefly here.

EQuipment Description - Fuel cell modules are of the intermediate temper-

ature Bacon-type, utilizing dual porosity nickel electrodes and aqueous potassium

hydroxide electrolyte. Electrode construction consists of fine pore, screen,

coarse pore, and expanded metal plate, electron beam welded to a current collector

backup plate. The active area electrode thickness is approximately 0.070 inches.

A module stack consists of 31 Bacon-type cells, series connected, and hermetically

sealed in a module tank. The hydrogen regeneration circuit is complete w:ith pump,

water separator, condenser, valves, controls and piping. The module secondary

cooling circuit consists of coolant regenerator, pump, accumulator, valves,

reactant preheaters, and controls. The reactant supply is complete with regula-

tors, filters, and inert gas system for control and pressurization. Module

_{eight does not exceed 215 pounds, excluding mounting structure to the space-

craft. Instrumentation and other devices necessary for normal and contingency

operation are included in the modules.

Operation - The general operating characteristlcs are as follows<

a. Modules are operated in a closed cycle

b. Output Power Each module has a nominal capacity of 1500 watts

(net power) at an output voltage from 27.5 to 31.5 volts d-c.

Modules have the capability of 35 percent overload continu-

ously applied at 27.5 volts.
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c. Nominal Pressure and Temperature - These are approximately

60 psia and 460 ° F respectively.

d. Specific Reactant Consumption - Normally, at a power output

of 1500 watts per module, the specific reactant consumption

does not exceed 0.8 pounds per KW hour.

e. Water Generation - Potagle water generated by the fuel cells

is stored with a pH of approximately 7.0. A detection and

control system is provided with each module to prevent con-

tamination of collected water supply.

f. Start Up - Self-sustaining reaction within each module is

initiated at a temperature of approximately 275 ° F. Integral

heaters are provided with each module to facilitate ground

start only. Flight operation is continuous.

Interface - Umbilical connectors provide a redundant electrical interface

between the SM and the Adapter.

5-21 TELECOMMUNICATIONS

General - The UHF/S-Band directable antenna, used with a UHF transponder,

consists of one parabolic antenna to maintain GOSS/CM communication during normal

maneuvers in translunar and lunar orbital mission phases. The antenna is mounted

on a retractable arm which is extended after lunar injection. A gimbal mount

operated either automatically or manually permits antenna rotation to provide

spherical coverage.

5-22

until just prior to re-entry into the earths atmosphere.

SEQUENCE OF EVENTS

The Service Module remains with the Command Module in the Apollo Mission

During this period,
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the SM portion of the Environmental Control System establishes and maintains the

CM environment, the SM Electrical Power System provides the CM with primary

electrical power, the SM Reaction Control System provides stabilizati[on and

attitude control, and the SM propulsion system provides the propulsion capability

for midcourse corrections, lunar orbit injection, and transearth injection.
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@ SECTION VI

LUNAR EXCURSION MODULE

6-i FUNCTION

The Lunar Excursion Module (LEM) serves as a vehicle for carrying two

of the three-man crew and a development and scientific payload from the Command

and Service Module (CSM) in lunar orbit to the lunar surface and back. The

LEM also provides a base for lunar operations and crew exploration in the

vicinity of the lunar touchdown point.

6-2 DESCRIPTION OF ROLE OF LEM IN THE SPACECRAFT

6-3 ROLE OF THE LUNAR EXCURSION MODULE IN THE SPACECRAFT

The LEM houses the two-man crew and all systems necessary to support

the LEM during lunar descent, touchdown, lunar surface, ascent and rendezvous

operations. The position of the LEMduring the various mission phases is

shown on Figures 4-i through 4-12.

6-4 REFERENCE AXES

The reference axes of the LEMare orthogonal, remain unchanged for all

flight phases, and are identical with those of the CSM as assembled in the

earth launch configuration.

6-5 WEIGHTS AND BALANCE

6-6 CONTROL WEIGHT

The present control weight of the LEM, applicable in flight through

separation of the LEM from the CSM, is 25,500 pounds. This value includes the

ascent and descent stages but does not include the crew and their accoutre-

ments.
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DESIGN GOAL WEIGHT

The present design goal weight of the LEM is 24_500 pounds°

6-8 CENTER OF GRAVITY

(To be supplied)

6-9 INTERFACES

The Major Interfaces between the LEM and other modules of the spacecraft

are described as follows:

a. LEM-Adapter - The Adapter is a structural fairing between

the SM and the booster and encloses and supports the LEM

during all mission phases prior to transposition of the

LEM. Except for local protuberances between the Adapter

inner surface and the LEM outer surface_ a 30-inch clear-

ance is maintained for service access_ All external LEM

components_ such as control nozzles_ antennas, egress

hatches and optical devices maintain at least a 3-inch

clearance°

b. LEM-Service Module - A minimum clearance of 10-inches ls

maintained between the SM engine nozzle exit plane and

the LEM docking cone.

c. LEM-Command Module - The CSM Environmental Control System

(ECS) provides an initial pressurization up to 4 73 pounds

of pure oxygen for the LEM after transposition and docklng

has been accomplished.

The LEM and CM crew communicate directly during separation

and descent to lunar landing_ when in line of sight of each

other during CSM lunar orbit_ during ascent_ and through

rendezvous and docking_
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6-10 MAJOR LUNAR EXCURSION MODULE SYSTEMS

6-11 STRUCTURAL SYSTEM

(To be supplied)

6-12 FLIGHT CREW

This is discussed in Section 4-18.

6-13 CREW SYSTEM

General - The crew system of the LEM is considered to be that group of

subsystems and components which support the operation and needs perculiar to

the flight crew.

Equipment Description

Controls and Displays - Controls and displays are designed and located to

provide for maximum crew effectiveness in consideration of the division of crew

tasks and responsibilities. During lunar landing and launch the crewmen are

not required to be mobile. Although designed for two man operation_ controls

and displays permit one crew member to return the LEM to the CSM safely.

Manual controls are designed with safety devices which prevent inadvertant

actuation without degradation to normal operation.

Restraints_ Support Equipment and Seats - Each crewman is provided with

a seat capable of supporting acceleration loads during landing and launching.

Seats are adjustable to provide for comfortable rest positions and for

visability during rendezvous and docking. Restraints are provided with each

seat.

Food and Water Management - Food and water is provisioned in the LEM

prior to separation from the CM. Food is not refrigerated. It is of the
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dehydrated or freeze dried type constituting a low bulk diet.

Radiation Dosimeter - Each crew member is provided with an accurate_

simply read, personal dosimeter which is worn or placed immediately adjacent

to the crew member at all times. Each dosimeter measures cumulative dose_

contains a warning device_ and has an output plug for telemetry connection.

First Aid equipment - The LEM is equipped with first aid supplies and

preventive medicine for dealing with various human injuries and disorders.

Space Suits - Space suits are worn at all times by each crew member

and provide for use in the LEM_ for ingress and egress_ and for extra-

vehicular operations. They may be employed as unpressurized suits in the

LEM atmosphere_ as pressurized suits in conjunction with the LEM Environ-

mental Control System, or as pressurized suits _n conjunction with the

Portable Life Support Systems°

Portable Life Support Subsystems The portable life support sub-systems of

a recirculating type are used in conjunction with the space suits during extra-

vehicular operations. A separate system for each crew member is capable of

supporting a crewman for four hours independent of the LEM, and can be re-

charged by the LEM. A portable system includes the communications tran-

ceiver which is used by the crewmen while outside the LEMo

6-14 TELECOMMUNICATIONS SYSTEM

General - The Telecommunications System provides the capsbility for

data and television transmission and voice communication.

Voice Communication - The system has the capability for voice

communication between:
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a. The LEM and CM when they are in line-of-sight.

b. The LEM and earth. This augments the communication link

between the CM and earth.

c. The LEM and a crew member at a radial distance of up to 3

nautical miles from the LEM.

d. The crew members within the LEM.

Telemetry - The system provides for data transmission on either a time

shared basis or simultaneously with voice. It is used to transmit the data

obtained from the operational instrumentation system as required.

Television - The system includes a portable_ near-commercial quality

television subsystem capable of real time and high resolution picture trans-

mission. Closed circuit television is provided for monitoring internal and

external scenes.

6-15 INSTRUMENTATION SYSTEM

General - The Instrumentation System is comprised of the following

subsystems:

a. Operational Instrumentation Subsystem

b. Flight Research and Development Instrumentation

Subsystem

c. Scientific Instrumentation Subsystem

Operational Instrumentation Subsystem - The operational instrumen-

tation subsystem detects_ measures_ and displays all data required by the

crew for monitoring the LEM environment and evaluating the integrity and

performance of the LEM systems. It provides data for transmission to earth_

to facilitate ground assessment of LEM performance and failure analysis.
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The capability is also provided for documenting the mission through photography

and data recording, The subsystem has the following major components:

Clock- A real-time digital clock is provided as the BEM time referenceo

I:t is used for correlating data_ to f_nction as an integral part of all time-

critical operations_ and to drive time-based displays. The clock is syn-

chronized to the Navigation and Guidance System clock_ however accuracy re-

auirements are established independently.

Tape Recorder - This component is provided for the storage off telemetry_

voice, and possibly video information for later playback at the discretion of

the crew° It may be used in conjunction with the scientific instrumentation

s ubsystem_

Cameras o One still and two motion picture cameras are provided in the

LEM for onboard and lunar surface use, The still camera is capable of high

resolution and infra red and ultra violet photography of the lunar surface,

Accessories include a telephoto lens_ and adaptability to telescope and

microscope equipment.

Telescope - A gimbal mounted telescope with reference a,xes information

is provided to aid the visual studies and photography of the lunar surface

and celestial bodies. Dual operating modes are provided for high power,-

narrow angle field of view or low power-wide angle field of view_

:Flight Research and Development Instrumentstion Subsystem - The flight

research and development instrumentation subsystem provides for the measure-

ment, display_ recording, and telemetry of--_._a required in the development

of the LEMo Details of this system are to be supplied_

I
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Scientific Instrumentation Subsystem - The scientific instrumentation

subsystem is designed primarily for selenologic research. The subsystem in-

cludes tools and instruments necessary to perform the scientific experiments_

Data_ samples_ and scientific packages are returned in the LEM to the CSM

and nonessential equipment is discarded prior to lunar launch. The proposed

components of the scientific instrumentation subsystem are as follows:

Lunar Atmosphere Analyser - This instrument provides the capability

of determining the qualitative and quantitative chemical composition of the

lunar atmosphere. It may be used as a backup component for determining the

cabin atmosphere partial pressure.

Gravitometer - This instrument provides the capability for determining

the direction and magnitude of the moon's gravitational field at the lunar

surface.

Magnetometer - This instrument provides the capability for determining

the direction and magnitude of the lunar magnetic field.

Radiation Spectrometer - This instrument provides the capability of

determining the radiation spectrum at the lunar surface.

Specimen Return Container - This is a small container to be filled with

lunar material. The container is sealed in a manner so that no material or

bacteria can enter the container on the return flight.

Rock and Soil Analysis Equipment - This equipment provides for obtaining

samples of the lunar surface material_ for obtaining core samples_ and for the

analysis of these samples. A microscope is included for direct use or with

the still camera provided in the operational instrumentation subsystem.
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Coring equipment has a design so that it may be employed with the seismographic

equipment •

m

Seismographic Equipment - This instrument provides the capability

for investigating the subsurface structure of the moon by measurements taken

after placing and exploding a charge below the lunar surface°

Soil Temperature Instrument - This instrument provides the capability

for measuring lunar surface and subsurface temperatures.

6-16 ELECTRICAL POWER SYSTEM

General - The Electrical Power System supplies_ regulates and distributes

all electrical power required by the LEMo At present consideration is being

given to a number of factors of design. Possible power sources include silver-

zinc batteries_ chemical engines using hypergolic fuels_ hydrogen-oxygen engines

and engines employing onboard propellents° Important factors in the selection

are the time allowances for mission events such as rendezvous maneuvers_ sim-

plicity_ reliability_ and weight, The electrical characteristics will prob-

ably match those of the Command and Service Modules,

6-17 GUIDANCE AND NAVIGATION SYSTEM

General - Guidance and Navigation System is similar to the CM Guidance

and Navigation System and the subsystems are designed to be interchangeable

when possible° A discussion of the CM system is given in Section _V_ Additional

description of the LEM system is to be supplied.

6-18 STABILIZATION AND CONTROL SYSTEM

General - The Stabilization and Control System is employed in the same

LEM mission events as the Navigation and Control System_
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Equipment Description - The Stabilization and Control System consists

of the following major components which are similar to the CM systems discussed

in Section IV.

a.

b.

C.

d.

e.

f.

Attitude reference

Rate sensors

Control electronics assembly

Manual controls

Displays

Power supplies

6-19 ENVIRONMENTAL CONTROL SYSTEM

General - The LEM Environmental Control System (ECS) maintains the LEM

cabin environment when space suits are unpressurized_ provides for thermal

protection of LEM equipment_ and is used for recharging the portable life support

subsystems. The ECS is designed to accomodate a reasonable number of egresses

and ingresses_ and during normal operation provides the following conditions

in the LEM.

a. Total Cabin Pressure (Oxygen)

b. Relative Humidity

c. Carbon Dioxide Partial

Pressure (Maximum)

d. Tempe rat ure

5 + 0.2 psia

4o - 7o%

7.6 mm Hg

75° + 5°F

In the event of cabin decompression_ the system provides a conditioned

oxygen atmosphere at 3.5 psia to the space suits_ and it is capable of main-

taining a cabin pressure of at least 3.5 psia for two minutes following a

single i/2 inch diameter puncture in the pressurized compartment.
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Equipment Description - The Environmental Control System consists of

the following subsystems:

Oxygen Supply Subsystem - The oxygen supply is supercritical with

allowances for passive heating of the supply while the LEM is attached to

the CM° Prior to LEM-CSM separation, additional heat will be furnished by

electrical heaters to assure supercritical pressure.

Circulation Subsystem - The circulation subsystem has three parallel

isolated blowers, any one of which will provide adequate circulation to both

pressure suits simultaneously with a cabin ventilation flow of 12 cfm at 3.5

psia.

Atmosphere Purification Subsystem - Carbon dioxide is removed by pass-

ing the LEM cabin or suit exhaust gases through lithuim hydroxide_ Noxious

gases such as ozone, methane, hydrogen_ carbon monoxide, freon_ and odors

are controlled by passing the gases through activated charcoal.

Temperature and Humidity Control Subsystem -A liquid coolant heat

exchanger system is used to cool the circulating gases below the required

dew point for condensate removal and humidity control_ and, for control of

space suit temperatures_ a regenerative heat exchanger is provided_ Con-

densed water vapor will be removed by either of two parellel centrifugal

separators which are to be developed for this application°

6-20 REACTION CONTROL SYSTEM

General - The Reaction Control System provides thrusts about three

axes to accomplish control. It also provides vernier translational thrusts

for terminal rendezvous and docking_
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Equipment Description - The Reaction Control System consists of two

independent but interconnectable s ubsystems_ each capable of meeting the

total torque and impulse requirements° Each subsystem provides two rotational

control about all axes.

Propellants - The same propellant combination as used for the Lunar

Excursion Propulsion System are employed in the Reaction Control System.

Pressurization - Each subsystem has a gaseous helium storage and

pressurization system. Quad check valves are used at each propellant tank

feed. Redundant squib valves are used to isolate the high pressure helium

until the system operates.

Propellant Tanks - Each subsystem has one oxidizer and one fuel tank,

and each tank is equipped with a bladder for expulsion of propellant under

zero gravity conditions. Bladders are capable of multiple cycling.

Propellant Feed Subsystem - Normally the pair of propellant tanks in

each subsystem feed thrust chambers in that particular subsystem. However_

reversible isolation valves allow propellant feed from the Lunar Excursion

Propulsion System. In redundant modes of propellant feed_ quad check valves

are utilized to prevent transfer of propellants from one subsystem to the

other or between either subsystem and the Propulsion System.

Thrust Cl_ambers - The thrust chambers are radiation cooled.

6-21 LUNAR EXCURSION PROPULSION SYSTEM

General - The LEM Propulsion System employs propellants which are the

same as and which may be used in the Reaction Control System. The LEM Pro-

pIulsion System provides velocity increments to the LEM for descent_ touch-
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down_ascent_ and rendezvous.

Equipment Description

(To be supplied)

6-22 LUNAR TOUCHDOWN SYSTEM

General - This system is designed to land the LEM safely on an essentially

unknown lunar surface with a horizontal velocity limited to 5 feet per second

and vertical velocity limited to i0 feet per second_ The Lunar Touchdown

System satisfies the general conditions of operation described below_

Equipment Des cript ion

Structure - The Lunar Touchdown System is attached to the LEM by hard

points which accomodate variations of landing gear geometries_ It has a load

distribution capabilities which provide impact attenuation and a near vertical

position satisfactory for egress, ingress and lunar launch° In all positions

of stowage and deployment it does not interfere with the use of the Lunar

Excursion Propuision or Reaction Control Systems. The Lunar Touchdown System

is normally deployed from within the LEM but deployment may be performed

manually by the crew in space suits outside the LEM.

Lunar Landing Aids - Provision is made for the deployment of landing

aids from the LEM at near the hover altitude.

Inspection, Maintenance_ and Servicing - The design is such that

advantage may be taken of the crew's capabilities outside the LEM both

during flight and on the lunar surface for inspection, maintenance_ and

servicing.
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6-23 LUNAR EXPLORATION

The LEM provides the necessary support for the operation and control

of scientific and exploration equipment and for processing and transmitting

of scientific data to earth,

Each crewman's extra-vehicular life support equipment provides for

a total of 24 hours of separation from the LEM life support system which is

the maximum duration of continuous separation from the LEMo One or both

crewmen may be absent from the LEM but normally one will remain to provide

an additional communication link. Lumar exploration will be conducted in

accordance with a planned schedule to be supplied.

6-24 LUNAR ASCENT

(To be supplied)

6-25 SEQUENCE OF EVENTS

(To be supplied)

....... k.....]J 6-13



SECTIONVII

SPACF_RAFTADAPTER

7-1 FUNCTION

The Spacecraft Adapter performs the physical mating of the launch vehicle

to the Service Module. Present plans call for two types of Spacecraft Adapters;

namely, the earth orbital mission Spacecraft Adapter shown on Figure 7-1, and the

lunar landing mission Spacecraft Adapter shown on Figure 7-2. For the lunar land-

ing mission, the Spacecraft Adapter houses the Lunar Excursion Module.

7-2 DESCRIPTION

The Spacecraft Adapter is a shell of adhesive bonded al_minum honeycomb

reinforced with sheet metal and is structurally designed to perform to the design

factors given in Section III and under the following induced environments:

a. Pressure The Adapter can withstand an external buffet pressure

of 4.7 psi at 0 to 4 cps in both symmetrically and asymmetri-

cally loaded conditions.

b. Temperature - The Adapter can withstand the aerodynamic heat-

ing effects of boost leading to maximum Adapter temperatures

of F.

c. Acceleration - The Adapter can withstand a maximum longitudinal

load factor during boost of 6.5g simultaneously applied with a

transverse load factor of 0.2g in any direction.

d. Vibration - The Adapter can withstand the structural vibration

resulting from local response to acoustic excitation, buffet

pressures, and transmitted vibrations applied simultaneously

with accelerations up to 6.5g. The frequency ranges and peak

levels for t_nsient loadings are 20 to 200 cps at 8.0g to 296
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to 2000 cps at 17.5g with 0.004 inches double amplitude. For

steady state loadings the g levels extend from 4.0 to 8.75 g.

Acoustic Noise - The Adapter can withstand severe broad band

acoustic and buffet pressure during launch and flight through

the atmosphere. The acoustic spectrum extends from 5 to

i0,000 cps with overall levels up to 168.5 db.

7-3 WEIGHTS AND BALANCE

Designed inertiaily B_vmmetrical to the launch vehicle's roll axis, the

Spacecraft Adapter affects only longitudinal center of gravity and center of pres-

sure location. Control_eight is 32.70 pounds and design weight is 30JO pounds.

7-4 INTERFACES

All mechanical-electrical interfaces between the Spacecraft Adapter, Lunar

Excursion Module and Service Module will function while maintaining compatible

operation without affecting other systems.

7-5 SERVICE MODULE

a. Electrical - An umbilical disconnect between the Adapter and

Service Module connects circuits that provide the launch vehicle

propulsion_ control, and structural abort information to the

Command Module instrument panel. The disconnect automatically

separates upon pullaway of the spacecraft from the launch

vehicle.

b. Mechanical - Provisions are made for inflight separation of

the Spacecraft Adapter from the Service Module°

7-6 LUNAR EXCURSION MODULE

(To be supplied.)

o
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7-7 MAJOR ADAPTER SYSTEMS

7-8 STRUCTURAL

The Spacecraft Adapter is formed from adhesive bonded aluminum honeycomb

and reinforced sheet metal. The required mechanical disconnects, the adapter

blow-off system, and the electrical umbilical and associated disconnects are an

integral part of the structure.

7-9 INSTRUMENTATION

(To be supplied.)

7-10 EVENTS SEQUENCING

For the lunar landing mission, the Spacecraft Adapter is blown off after

the final S-IVB thrusting and prior to re-coupling of the Lunar Excursion Module°

In earth orbital Apollo missions, the Adapter separates from the Service

Module and remains attached to the launch vehicle.
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CHAPTER 3 SPACECRAFT GROUND SUPPORT EQUIPMENT

SECTION VIII

GROUND SUPPORT EQUIPMENT SUMMARY

8-i DEFINITIONS

The following categories comprise the spectrum of Ground Support Equipment

(GSE) for supporting the Apollo program:

a. Handling, shipping, and mating equipment

b. Servicing equipment

c. Electrical testing equipment

d. Mechanical and electro-mechanical checkout equipment

e. Recovery equipment

f. Simulators

GSE includes all equipment required to inspect, test_ adjust_ calibrate,

appraise_ gauge, measure_ repair, overhaul_ assemble, disassemble, transport_

safeguard_ record, store, actuate_ service, maintain_ launch and otherwise

support an end article.

In general GSE will take three forms:

a. Prime Equipment - All GSE used in the following areas is

considered as prime equipment.

i. Factory assembly

2. Field assembly site

3. Launch site and recovery area

4. Training sites

5. Any special testing site assigned by NASA

b. Development Equipment - All GSE used for engineering

evaluation of spacecraft subsystems, modules_ and systems,

and compatibility tests, in or outside of factory areas_

....._-_]i i 8-1



C.

constitutes development equipment. This equipment may

or may not be identical in configuration to its counter-

part in prime equipment.

Breadboard Equipment - All GSE fabricated to determine

feasibility of a proposed or a preliminary design represents

breadboard equipment.

8-2 TESTING OF GROUND SUPPORT EQUIPMENT

Components and subassemblies are initially developed and tested at

contractor and subcontractor facilities and development progresses through

subsystem and system tests. Additional GSE tests are conducted throughout

development to emphasize interface areas so that complete systems problems

may be resolved.

NAA Ground Support Equipment utilization in the various categories of

equipment occurs progressively in the tests on spacecraft module boilerplates

being developed. Utilization starts with the BP-I and continues to BP-23o

Servicing equipment use starts with BP-6o Combined checkout and handling

GSE hardware is used on BP-20 and BP-21. A complete set of GSE is required

on BP-14, BP-16, and BP-18.

8-3 PRIME CONTRACTOR TESTS

Contractor GSE tests are performed on fixtures for handling equipment

and for installation and removal of hardware equipment from assemblies,

Some of these tests are of a mockup variety to determine feasibility of

design. Primary objectives are to determine adequacy of design_ rigidity_

maintainability_ and adaptability to the Apollo spacecraft.

Tests are performed on recovery equipment items such as hoists_

adapters_ slings_ and winches employing spacecraft boilerplate. Objectives

o
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are to assure the effectiveness of the equipment and to reduce the time for

recovering the CommandModule from the water,

Combinedsystem tests demonstrate the compatibility of checkout and

spacecraft equipmen% of associated GSE3and of peripheral equipment° Check-

out test plans are devised for determining the adequacy of each subsystem_

checkout task balance_ and compatibility with an effective over-all Apollo

checkout program.

8-4 SUBCONTRACTORTESTS

Subcontractor GSEdevelopment tests include testing of structural_

mechanical_ electrical_ and electro-mechanical components; subassemblies;

assemblies_ and associated complete consoles° Tests will include performance

under specific conditions of vibration_ shock_ explosion resistance_ and other

environments.

8-3
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SECTION IX

LOCATION OF MAJOR GROUND SUPPORT EQUIPMENT

9-i INTRODUCTION

This section describes major tests conducted at various contractor

facilities and at the White Sands and Atlantic Missile Ranges, and shows the

relationship between Apollo spacecraft testing and the spacecraft Ground

Support Equipment utilization.

9-2 DOWNEY

Spacecraft testing at Downey (NAA) is accomplished in three principal

areas; the test preparation area, the house spacecraft test area, and the

environmental test area.

After spacecraft subsystems acceptance testing has been completed at

the subcontractor's facilities, the spacecraft subsystem installations are

shipped to the prime contractors facility at Downey, California. Initial

assembly of the spacecraft is carried out in the manufacturing area, and,

upon completion, is certified as conforming to the approved configuration

and transferred to the test preparation area.

9-3 TEST PREPARATION AREA

Test Objectives - Objectives of tests conducted in this area are the

integration of Apollo spacecraft systems and the verification of compatibility

of spacecraft and ground support equipment. The tests include inter-system

calibration, alignment and matching of mechanical and electrical interfaces_

Engineering modifications may be performed. Testing is done in three phases

described below.

....... nl-r_ __T_, 9-z



Phase I Tests - GSE received from manufacturing and subcontractors, and

the spacecraft composed of escape tower, Command and Service Modules and space-

craft Adapter are assembled for the tests. Spacecraft modules, systems and

subsystems are examined to insure conformance with the latest configurations,

specifications, and engineering orders. A calibration check of all spacecraft

instrumentation is performed. Then R&D instrumentation is installed according

to NASA requirements and test objectives.

Phase II Tests - This phase encompasses various checkout tests on

individual systems of the spacecraft, on GSE, and on GSE-module compatabilityo

Detailed checkout procedures prescribed by the Apollo Test and Operations

Department of NAA are employed. The CM and SM are mechanically positioned

and electrically mated along with the LES Simulator. Tests include operation

of the telemetry subsystem, recorders, beacons and antennas as well as detailed

checks on electrical systems to the level of continuity and resistance measure-

ments. Mechanical systems and components are functionally operated, and leak,

or pressure tested. At the conclusion of successful individual tests, overall

systems tests are conducted to ensure satisfactory simultaneous operation.

To ensure an operational capability and performance of events in a

proper sequence, all systems, ground and internal power components, and space-

craft and mission abort sequences are tested in an operational manner_

An Electro-Magnetic Interference (EMT) test is conducted to determine

whether EMI problems exist within the spacecraft and GSE systems.

Tests of the pyrotechnics substitution units are made by connecting

various units to the checkout group and data recording group via the electrical

junction box.

9-2



Phase III Tests - This phase is devoted to final tests and preparation

of the test vehicle prior to shipment° The CM, SM, LES, and SC Adapter are

subjected to weight and balance determinations° Dummy motors, the launch

escape, launch escape jettison_ and pitch control rocket motors are mounted in

the LES.

Another integrated systems test similar to that in Phase II is performed

with the CM and SM in the vertical attitude and the LES mated with the CM_

Special attention is given to alignment°

After demating_ spacecraft modules and associated GSE are prepared for

shipment.

9-4 HOUSE SPACECRAFT TESTS

Test Objectives - The purpose of this test program is the evaluation of

engineering design of the complete spacecraft and associated GSE during actual

ground checkout conditions. House spacecraft testlng is continuously performed

on two vehicles, the BP-14 and AFRM-006, and effort is generally applied in

the following ways:

a. Systems and Ground Support Equipment evaluation

b. Operations development

c. Design support

Results of the program are to assist in qualification of spacecraft

design.

Systems Evaluation - Whenever possible all systems are tested and eval-

uated; for an exception_ mission propulsion and reaction control engines will

not actually be fired.

Ground Support Equipment Evaluation - The test effort is concerned with

9-3



evaluating the compatibility of spacecraft and GSE particularly with respect

to access provisions and clearances for mounting spacecraft systems,

BP-14 Tests - This spacecraft is a boilerplate skeletal structure with

removable skins to allow for mounting systems in their proper location, The

BP-14 consists of the CM_ SM_ LES_ and Adapter_ and prototype systems are

continuously updated to operational configuration° Non-operational propulsion

devices consist of reject equipment for which instrumentation is provided to

simulate their operation.

AFRM-O06 Tests - The AFRM-O06 spacecraft is maintained in the latest

flyable manned configuration at all times. The systems and instrumentation

capability are complete with propulsion devices similar to those of the BP-14

and anthropomorphic dummies in position in the spacecraft.

In initial testing of AFRM-O06_ the affects of vibration and acoustic

environments in the spacecraft are to be investigated. Later testing of

AFRM-O06 is directed toward design support testing in conjunction with the

BP-14.

9-5 ENVIRONMENTAL TESTS

The environmental test program is designed to provide an evaluation of

design of a spacecraft flight configuration with all its systems_ under simulated

mission environmental conditions, The tests are to involve proof levels of en-

vironment_ within practical limits of facilities and economy_ and so are expected

to provide evidence that the spacecraft can operate reliably under the critical

environments of an actual mission. Propellant systems are to be operated with-

out actual engine firings.

The spacecraft is mounted in the space simulator chamber in a fixture

capable of rotating the spacecraft to simulate solar_ earth albedo_ and earth

9- 4 ]1 __ I J_
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radiation heat inputs. Simulators are utilized for the loads imposed by crew

metabolic requirements. However, manned operations are required during certain

portions of the tests to ascertain the capability for manual-modes of system

operation. In addition to the thermal investigation at maximum and minimum

energy conditions and testing of manned functions, special attention is given

to CM leakage under launch and re-entry pressure profiles and aerodynamic

heating. All systems will be serviced in accordance with the particular mission

being simulated.

One spacecraft, the AFRM-008_ consists of the CM, SM, and Adapter with

systems appropriate for the tests. Other spacecraft vehicles may be assigned

for the tests.

A complete set of servicing, handling, and checkout GSE is required in

addition to a checkout and support area adjacent to the thermal-vacuum chambers

9-6 WHITE SANDS MISSLE RANGE

9-7 INTRODUCTION

White Sands Missile Range (WSMR) is the site for evaluating the stability

and operational characteristics of the LESo There are two types of tests for

aborting the LES-CM combination. The first type is the pad abort from a ground

adapter, and the second is an abort in conjunction with the Little Joe II

booster. The primary objective of pad abort tests is to demonstrate the

capability of the LES to propel the spacecraft to a safe distance during

a pad abort. Other objectives of the pad abort tests are given in Section XV_

Primary objectives for tests involving Little Joe II are to demonstrate the

capability of the LES to propel the spacecraft to a safe distance from the

launch vehicle, and to show the structural integrity of the escape tower

during a maximum "q" abort.

in Section XV.

Other objectives of these tests are also given
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Functional operation of equipment at WSMR entails insertion of stimuli

to exercise and control the system under test_ acquisition and measurement of

system responses_ and evaluation of system performance° The equipment is

divided into five areas described below°

Monitor and Control Equipment - The monitor and control console with

related equipment has the capability to command_ monitor_ and provide system

response displays of a system or integral group of systems during preparation

and launching of the spacecraft.

Checkout Equipment - Checkout consoles with related equipment are used

to perform system diagnostic and confidence checks°

Substit_ion Equipment - These consoles and related equipment simulate

conditions to be expected or desired of spacecraft systems or ground support

equipment interfaces°

Bench Maintenance Equipment - Equipment and consoles are used to isolate

a malfunctioning system_ s ubsystem_ or component; facilitate complete interface

simulation of electrical and mechanical functions_ and calibrate and align a

single system.

Handling Equipment - Boilerplate vehicles first tested in the Downey

Area (NAA) are transported to the Hazardous Area at WSMR for final preparation

and then transported to the WSMR launch pad for the prescribed tests_ After

testing_ the boilerplates are returned to the launch pad area or Downey for

post-flight inspection which assists in mission analysis.

The handling equipment is used to store_ handle_ maintain_ and transfer

the spacecraft_ systems and subsystems; and to provide ease in checkout_

alignment_ installation_ maintenance_ weighing and balancing_ and cross-

96 ....... - "
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country transportation of the spacecraft and its s ub-assemblies_

9-8 CHECKOUT OPERATIONS AREA

Deliveries and Assembly - The CM and LES, and the LES motors from the

WSMR ordnance storage area_ are delivered to the hazardous assembly building

in the checkout operations area° The Boilerplate 12 SM is delivered directly

to the launch area for mating to the [J-ll launch vehicle,

Assembly includes installation of all instrumentation and electrical

systems on the LES; and recovery system parachutes, pyrotechnic devices, and

forward heat shield on the CM.

Checkout Plan - Major operations performed in the checkout operations

area including installation and checkout of live pyrotechnics, are:

a. Post shipment examination

b. Launch Escape System assembly and alignment

c. Recovery system parachute installation

d. Weight and balance determinations of the Launch Escape

System in a horizontal position

e. Command Module weight and center-of-gravity determinations

in both horizontal and vertical positions

f. 0ver-all vehicle alignment

g. Weight and balance determinations after mating the Launch

Escape System to the Command Module

h. Launch escape motor thrust vector alignment with respect

to the center of gravity established from final weight

and balance tests. Optical means are utilized to project

this vector to a point on the CM so that the alignment

can be re-established after the modules are separated

9-7
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and remated.

Preparation of separated CM and LES for shipment to

the launch area

Sequence of Operations The sequence of various operations at Downey,

and at the checkout and hazardous operations areas are shown on Figures 9-1,

9-2, and 9-3 respectively.

9-9 LAUNCH AREA

Area Functions and Facilities - The WSMR Launch Area is comprised of a

blockhouse, launch pad, cable trench, utilities, gantry, and an umbilical

tower. Arrangement of the facilities is shown on Figure 9-4° The launch pad

for pad aborts is located in the extreme northwest corner of the launch area,

and the gantry and umbilical tower for Little Joe !I abort tests are located

directly east of the pad abort launch pad. The blockhouse layout is shown

on Figure 9-5. Figure 9-6 shows the Pad Abort Adapter and Figure 9-7 the

Little Joe II launch configuration°

Minimum launch area operations are as follows:

a. Command Module - Launch Escape System reassembly

b. Ground Support Equipment/facility/test vehicle

compatibility verification

c. Launch escape instrumentation calibration

d. System safety verification

e. Test vehicle/launch vehicle (LJ-II) mating BP-12 only

f. Integrated systems test

g. Final pre-countdown preparations (T-I Day)

h. Countdown

i. Launch

9-8
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Figure 9-3 Hazardous Assembly and Test'.Area
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j. Post flight analysis

Launch Pad Abort Checkout Plan- Upon arrival of the pad albOrt test

vehicle at the launch pad_ the CM is mated to the pad abort adapter, the LES

is mated to the CM_ and electrical connections and overall vehicle alignment

are verified.

The following tests are conducted:

a. GSE spacecraft compatibility

b. LES instrumentation calibration

c. Systems safety verification

d. Integrated systems test

e. Countdown operation

f. Abort from launch pad

Little Joe II Abort Checkout Plan - For this test the SM is first mated

to the Little Joe II; mating of the test vehicle to the SM is preceded by

systems safety verification° The tests follow the same general pattern as for

the pad abort checkout. However_ during the mating of the test vehicle_ com-

patibility and overall alignment of the spacecraft is rechecked; and a launch

operation precedes the abort in flight_

The recovery phase is accomplished by range recovery personnel with

_ssistance from contractor personnel° It is mandatory to inspect the space-

craft at the impact area to make a proper disposition of unfired pyrotechnic

devices_ Following the launch and flight abort the spacecraft is retrieved

and returned to the launch area via a tank retriever and flatbed trailer_

A physical inspection is performed at the launch area and special tests may

be conducted to investigate problem areas° The articles to be recovered are:

ao CM

b. Earth landing parachutes

9-16 _..U_i_r ..........
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c LES tower _nd expended motors

d, CM forward heat shield {if possible)

e, Drogue Chutes (if possible)

MANNED SPACECRAFT CENTER

(To be supplied)

9-11 _ATLANTIC MISS:El RANGE

9-12 _NTRODUCTION

The plans, facilities _nd sctlvities at the Atlantic Misslle Pange IAMg:

described in this section pertain to the receiving, _nspect_cn and testing opera<ions

in which GSE may be employed prior to launch operations, 70 _ttempt _n orientation

of the re_der, a number of figures 9re presented showing arrangement of complexes,

buildings and test plans which involve the v_rious operations with systems, sub-

systems and components.

9-13 OFERATIONS AT T}tE ATLANTI:C M:S$ILE RANGE

General - Overall perspectives of the MSC complex _t AMB are shown on

Figures 9-8, 9-9 _nd 9-10, Some of the individual facilities are described

l_ter,

:nspections - Upon receipt of spacecraft h_rdw_re _t AMR_ various

insDectJoP,_ _s _,Fer.=ticns _rc pc:-fo_._<-d _o £_iiows:

a, An inspection o£ all components to determine the

extent, if any, of shipping d_m_ge

b. An inspection of all component p_rt and serial numbers

and comparison with work book configuration

c. A review of all existing design changes to determine

any updating that m_y be required_

9-17
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Testing - In addition to the normal checks on functional performance_

supplementary tests may be indicated by the inspections and reviews of the

status of the systems_ The testing program may be summarized as follows_

a_ Any changes in instrumentation are followed by a

complete calibration of affected instruments

b_ All spacecraft systems receive functional testing

c_ All GSE receives functional testing when connected

to the spacecraft systems,

Practically the entire range of GSE is required in these operations

and by far the l_rgest portion is needed at the Operations and Checkout

Building where the spacecraft modules are mated and various systems operated,

Operations Plans An overall checkout testing plan is depicted on

Figure 9-11. Samples of other test plans involving various operations

appear on Figure 9-12 through 9-18. These samples represent progression

through tests on some of the systems listed in the following paragraph,

Since the progression of tests occurs from facility to facility, CSE is

reguired for transportation as well as handling during a glven test°

Operations and Checkout Building - The Operations and Checkout

Building (O&C) and its location are shown on Figure 9-19. An example of

CM test nl_n En_ _ ........................................... _±mui_ig iS aescribed on Figure 9-20°

In addition to receiving and inspection_ module cleaning_ and final flight

items installation, integrated systems _nd altitude chamber tests are

performed. The following systems are involved,

a, Reaction Control System

b, Guidance and Navigation Instrumentation

c. Environmental Control System (CM & SM)
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d_ Flight Control System (CM & SM)

eo Electrical Fewer Supply fCM & SM)

f_ Communications System (CM & SM"

go Service Propulsion System

Fluffd Test Complex - This complex shown on Figure 9-9 indicates four

bui.ldings_ of which one is a support bu_iding illustrated cn Figure 9-2i _nd

three are test buildings described below°

Li?.uid Test Facility - Two buildffngs _re em_ioyed_ the Environmental

Control _ys_ems _nd the Hypergolic Test Buildings shown on Figures 9-22 _nd

9-2] respectively_

a_

b_

Tests are performed on the following systems

CM Reaction Control System

CM and SM Environmental £ontroi Systems

SM R<_ction Control System

S_c Test Stands Two f_ciliti_s _re emp.Loyed The HyL_rffoiic

Test 9u_idffng is used for Service Propulsion System tests _nd the Cryogenic

Test _uilding shown on Yigure 9-2_ is u_ed for the Liquid Cx_gen -_d o_her

r_ryogenffc Systems tests_

Weight and Balence F_cility - The Weight and B_.i_nce _ui.lding sho.^,n

on Figure 9-25 is employed for the following o_er_ticns

_, Receiving _nd inspection of _,]_pt_r

b, inst_ff.l_zion of p_,rachutes

c_ Weighing and balancing of the <_I, SM, _nd [_E_

do M_tffng or SPS nozzle extension

e_ Weighing and bsi_ncing of RcS Qu_ds

fo Weighing _nd b_lsncing of ida}tot



r,.-_

rO

_" C.D

cD !__
I

CD i,_

if2.:" _ • ,

r_

./2; ":'/!_I_,'_7 "'" 'r £,,',','_"V

"_'_i!',_,::J "
• ' 'X '

!%: iY: // \!_i,'i_
'.,_ /::j_\'o i '" ._:.:.-

,,_y,, I,._

//:'.

_0_

OL_;
og

e ?
g

. "_" .- .

_-_.,__

' _"_ "I

o ',i

z_

--_i il

L:_:.

LO
T'/"

#

r._
©

b,9

-H

,.-(
l H

0

I

H

©

,-o
,H

,H

ED

I "



,k

c,q

0 ^

_0

6'

0
;q

I-4

&r: ,---)

r_

<-:I

I ,

>!

• ,. "_,_

--_..,. _. .

!/ r'-_ ._ \

-1

.... ' i _ i ,l

.-t"_,"_-'-'-fi ? • "; wl "_
• _ _Z._ It

! i _' "i

.2
0

7
0

.7

i
_ _.2

7

.Ld D
f-q

--"co

' ' ; "'U']

b.O

-,.-4

"d

U'2

!

_4
©

©

©

.H

%

(D

c_
.o,J

I

9-34



.©

! ,

A

'_0

._ _,l

_f

h_

i i _

l

I
,_,-d

i

c_j

!

, _ _-._ i_ '_ !°
_I _ _ __'_!i'.__

I i _ i i

Z

Z
._1

•_?.,.

0

w

0

©

o_

0

@

R

!

@

o

!

9-_S



I
.ml.--+.- ,,#..1±._ _i__.F.ld_d_

vl

I

,11

ii

,-4

l::q

4.3

0
°r-.t

0

)

I

,"4
o_

,'-4

©

©

""d

,'-4

r.D

O4

&

9-g6



,a.

i-.4

o
--4

e.._,

r..'_

<.I

o

0

09

c..'_

{%
/,k',_

l:'.5

t):,i_

• ('' .'l

fz-_--_.........,,:..-,.,i_.-_

,- - I,,:-:' 7
• '_._ !

..m.,

LIJ

'°'Q W,:

•o _

-295

!

>i
{j

-!

i

I

I

2,

I

,&

7.-_ t

b_9

"d

.,-4

5)
-q
-?

_J

c\

_D

-r-t



Ordnance Storage - This building illustrated on Figure 9-26 is

emplcyed for the receiving, inspection and storage of ordnance components

such as the LE2 motors_,

Parachute and Paraglider Building - This building shown on Figure

9-27 is used for receiving and inspection, and packing and storing of

p_r_chutes

_iertieal Assembly Building-Launch Pad - Tests in these _reas _nclude

meting of spacecraft and booster; electrical_ mechanical and r-f tests;

_t_d _nstel_lation of the LESo The sequence of testing _nd f_cility

utJiization are shown on Figure 9-28°
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SECTION X

TYPES OF GROUND SUPPORT EQUIPMENT

i0-i INTRODUCTION

A brief functional description of the presently planned Apollo Ground

Support Equipment (GSE) is presented in this section. Information on equip-

ment not described or just listed is to be supplied in subsequent editions

of this document. Contractor's current model numbers are included where

applicable to provide the reader with a reference if more detailed infor-

mation is desired,

10-2 HANDLING EQUIPMENT

10-3 TRANSPORTATION

Spacecraft Vertical Transport Vehicle - NAA Model Noo HIA_036 - This

powered transport vehicle provides a superstructure and mobile bed for trans-

porting the assembled spacecraft, in the vertical position_ from the _ssem-

bly area to the launch pad over improved surfaces_ lit supports the assembled

spacecraft safely and securely through the application of tiedowns and

attachment points.

Positionin_ Trailer. N_rrow R_se _AA Mnd_] _. nq L_Nqo _ m_4 _ _=_4 _

iS provided to transport the heat shield_ launch escape tower, and _ii GSE

and handling slings for the LES. The trailer is constructed with rails at a

AS-inch width and with a removable flat bed capable of being jacked la inches:

Aircraft Loading Set - NAA Model No0 H14-058 - The aircraft loading set

is used to transfer various components on pallets from the rail-transfer

transport trailer to a C-133B aircraft_ It is of light-weight construction
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suitable for air transport and is capable of mating with the rail-transfer

trailer and the 463L roller-conveyor system of the C-I_3B aircraft,

lO-h POSITIONING EQU] PMENT

General - A number of slings are reguired for handling various ccm-

ponents of the spacecraft, They serve as a link between the handled ltem

and the hoist_ keep the handled item in a proper position during its trans-

fer _nd are designed to have a high strength safety factor The fcl.lcwing

iist presents an identification of the verious slings, _nd a few other items

in the c_tegory of positioning equipment_

Command Module Sling - NAA Model No. HIA-OOI

Launch Escape Tower Sling - NAA Model No HAL-O02

Launch Escape System Motor Sling - N&a Model No Hla-O0_

Service Module Sling - NAA Model No_ Hlk-022

Service Module Propulsion-Motor Sling - NA& Model No, Hla-Ola

Siing_ Flow Skirt-N&A Model No Hlk-029

Jettison Motor Sling-NAA Model No. H.Ih-OL3

Heat Shield Sling - NAA Model No, Hlk-056

Forward Compartment Shield Sling - NAA Model No Hlh-057

Fuel and Oxidizer Tank Sling - NAA Model No, H14-060

Helium-Tank Sling - NAA Model No_ H.i4-06_

kO2-Tank Sling - NhA Model No,, Hla-066

Antenna Sling -NAA Model NOo HI_-068

[Hl-,Tank Sling - NAA Model No_ Hlk-070

Spacecraft Sling_iwithout LES) NAA Model No, HIL-07_

Spacecraft Sling (with LES)- NAA Model No, Hl_-O7k

Sling-Horizontal Handling LES & LE Motor- NAA Model No, H14-O85

^
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Sling, Kicker Motor Interstage Structure - NAA Model No. HI4-09P

Sling-Jet Motor 3 Kicker Motor_ Nose Cone - NAA Model No. H14-094

Sling Set-CM Test Vehicle - NAA Model No. H14-9001

Sling Set_ Weight, and Balance NAA Model No. H14-9006

Sling Assembly, Test Vehicle Adapter - NAA Model No. H14-9014

Adapter, Boiler Plate Sling - NAA Model No. H14-9002

SC Boilerplate Sling - NAA H14-9073

Sling Access Door SM - NAA Model No. H!4-9077

Command Module Equipment Handling Set - NAA Model No. H14-019

Handling and Installation Set RCS - NAA Model Nor H14-098

Equipment Handling Set - NAA Model No. H14-9019

Adapter, Rail Transfer_ Flow Skirt - NAA Model H14-027

Adapter, Roll Over - NAA Model NOo H14-084

Adapter BP Fitting Set NAA Model No. H14-9004

Anthromorphic Handling Hornes- NAA Model NOo H14-034

Polarity Test Fixture, G&N - NAA Model NOo H14-089

Boatswains Chair - NAA Model NOo H14-093

Hooks, Ballast Pickup LES - NAA Model No. H14-096

Wrench, Pitch Control Motor EES - NAA Model NOo H14-099

Bridle, Parachute, Boiler Plate - NAA Model No. H14-9025

10-5 WEIGHTS AND BALANCE EQUIPMENT

General - All of the fixtures described in the list below are used

for determination of weight and center of gravity of the subject item.

Launch Escape Weight-and-Balance Fixture - NAA Model Noo H14-016 - The

fixture incorporates a series of load cells mounted on a portable workstand

and is mounted on casters°

................ 10-3
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Spacecraft Weight-and-Balance Fixture - NAAModel No_ Hlh-017 - The

fixture is utilized in the vertical checkout area prior to installation at

the launch pad° !t accomodatesassembled equipment approximately 15 feet

in diameter and 30 feet in height and includes reaction points for handling

and installing the spacecraft equipment in the fixture. It provides for

personnel access to the spacecraft equipment_

Service Module and Spacecraft Adapter Weight-and-Balance Fixture

NAAModel No_ H14-059 -

(To be supplied)

Heat Shield, Weight and Balance Set NAA Model Nov Hlh-087 -

{To be supplied)

_ack Set- Weight and Balance - NAa Model No, Hih-9015 -

(To be supplied)

SM _nd SC Adapter - Weight _nd Ba.i_nce Fixture - NAA Model No _._ -9059

{To be supplied)

i0-6 SUP.FORT AND STORAGE EQUIPMENT

General - All equipment described in the list below is used for support

of the subject item during storage and handling, unless otherwise specified

_in general, the designs h_ve a s_fety factor of about three times the maximum

anticipated loads _

Command Module Support NAA Model No_ H14-008 - This support when

attached to the CM forms a mounting plgtform whlch m9y be attached to the bed

of a transport trailer_
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Launch Escape System Alignment Stand - NAA Model No. H14-011 - The

stand is used in conjunction with the LES optical alignment set for properly

aligning the LES subsystems. It is also utilized in the vertical checkout

area to support the escape system motor during maintenance, storage, servicing,

and certain phases of transportation.

Escape-Tower Support - NAA Model No. HIL-018 - This is employed to

support the launch escape tower in a horizontal position during transportation

and storage.

Service Module Support - NAA Model No. H14-030 - This support consists

of a pair of welded tubular assemblies which clamp on the sides of the SM

to form a pair of trunnion mounts for hoisting and roll-over operations.

Cushion pads for the SM are provided. The support may be employed as a skld

on a handling-rail.

Service Module Base-Support Stand - NAA Model NOo H14-031 - This supports

the SM on mounting pads at a suitable height from the floor in all maintenance

and installation areas. The support and platform are of structural steel°

Service Module Workstand - NAA Model NOo H14-032 - This item is a

standard rail-type workstand.

Command Module Workstand - NAA Model NOo H14-033

rail-type workstand.

This is a standard

Maintenance Stand - NAA Model No. H14-035 - This stand is for maintenance

and modification of the CM in various work areas. It is a welded 1-beam

structure consisting of three working levels_ stairways, and railing for

supporting fifteen working men, and has an area for enclosing the CM_

iO-_
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Service Module Firing-Stand Adapter - NAA Model No Hlk-037 - Thls

item adapts the SM tiedown points to the statlc_firing test stands and pro-

vides restraint for the SM_ It may also be used as a replacement for the

SM during static-firing tests° ]it provides reaction points for the thrust

of the LES motors and the SM Propulsion System_

Electrical Weight Kit!3OOOlbo Capacity) - N_hA Model No, HI4-Ok0 -

(To be supplied)

Electrical Weight Kit _3000 ibo Capacity} NAA Model No, Hik-Ohl -

#To be supplied)

Hoist Beam SM and SC Adapter- NAA Model No_ HIt-Ok2 -

{To be supplied)

_ettison-Motor $upport- NAA Model No, Hik-054 - This item is _ standard

r_i.l-type stand _ssembly_ for use in servicing amd m,_intenance operations _nd

in conjunction with a hoisting device

Launch Escape Motor Support - NAA Model No, Hi_-055 - The support

cr_d.les the motor and serves as a connection to the hoisting device, it

is off welded construction

Vuel and Oxidizer Tank Support NA_ Mode] No H14-O61 - This suFport

with clamps, spacers, racks, and tiedown fittings m_nt_ins several fuel and

oxidizer tanks in a horizontal posit_on for storage, checkout test, and certain

phases of transportation_

Helium-Tank Support - NAA Model No_ HIS-065 - This support with sper-

ica.i segments, braces_ and clamping attachments is used for storage and

during certain phases of transportation_



LO2-Tank Support - NAA Model No. H14-067 - This item is similar to the

helium tank support.

Antenna Support - NAA Model No. H14-069 - This support cradles the

antenna and is used as a container and for handling during maintenance and

ground checkout.

LH2-Tank Support - NAAModel No. H14-071 - The LH2-tank support has

spherical segments, braces, and clamping attachments and is used for storage

and certain phases of transportation.

Mission Propulsion-Engine Support - NAA Model No. H14-072 - This item

cradles_ holds_ positions_ raises_ lowers_ and protects the mission propulsion

engine while in storage and during certain phases of transportation and

facilitates installation or removal of the engine° The support has attachment

fittings_ positioning and lifting mechanisms and is used with other equipment

to achieve moderate mobility.

Spacecraft Support Base - NAA Model No. H14-075 - This equipment pro-

vides support for the spacecraft while being transferred to various areas by

a crane or trailer. The frame is of welded structural steel and the base has

attachments for a sling and trailer mounting.

Fuel Cell Power Plant Service Dolly - NAA Model No. H14-081 -

(To be supplied)

LES Cradle Transport - NAA Model No. H14-083 -

(To be supplied)

Support Base and Stand - NAA Model NOo H14-086 -

(To be supplied)

10-7



Stand Access Recovery Area - NAA Module No, HIk-090 -

(To be supplied)

Stand Access - SM Hatch -NAA Module No, H14-091 -

{To be supplied,)

Access Stand, Tower Adjustment Area NAA Model No: HIL-095 -

(To be supplied)

BF-25 Base Support NAA Model No, HIL-9026 -

{To be supplied)

9_se Support, CM and Ad_pter - NAA Module No_ H14-9030 -

,(To be supplied)

,,General Purpose Dolly - NAA No, H14-9076-

!To be supplied)

CM ,Support Base - NAA Model No_ HIL-9078 -

(To be supplied)

Support Stand CM - NAA Module No, H14-9079 -

(To be supplied)

Anthropomorphic Dummy Storage Rack - NAA Model No_ H14-038 -

(To be supplied)



10-7 SERVICING EQUIPMENT

10-8 LIQUID SERVICING EQUIPMENT

Nitrogen Tetroxide Np04 Transfer Unit - NAA Model No. S14-002 - This

unit consists of a pump and controls for transferring N204 from ground storage

to the CM and XM oxidizer-storage tanks, and for returning the oxidizer to

ground storage tanks. Controls and instrumentation are module-type for rack-

and-panel mounting. The panel displays include fluid flow_ pressure_ temper-

ature, and total fluid transferred. The modules provide for maximum protection

from possible operating hazards.

Water (H20) Transfer Unit - NAA Mode! No. S!4-005 - The H20 transfer

unit includes a pump_ storage tank and controls to transfer potable water

from ground storage to the spacecraft and a receiver for water dumped from

the spacecraft° Controls and instrumentation are of modular construction panel

displays. Construction of stainless steel and maintenance of the transfer

unit keeps the water in an uncontaminated potable condition.

50-50 EDMH and N2H 4 Transfer Unit - NAA Model No. S14-008 - The 50-50

unsymmetrical dimethyl hydrazine and nitrogen hydrazine transfer unit consists

of a pump and controls which safely transfer fuel from ground storage tanks

to the SM and CM and for returning fuel to the _ro1_ _n_n_ _ T_

unit has modular construction and provides displays of fuel flow, pressure,

temperature, and the total fuel transferred. The modules provide maximum

protection from possible operating hazards. The transfer unit is a permanent

installation at the launch and engine-test sites.

Fluid Distribution and Cable System, No. i, Swing-Arm - NAA Model

No. S14-012 - The system provides elevated positioning and separation of fluid

............_ lO-9



lir.es and cables from test equipmen+ in the vertical clseckout areas All litres

which can be blocked will incorporate safety devices, such as thermal relief

valves. T_e swing arm will isolate the lines and cables from areas where

damage may occur from vehicular or personnel movement.

Fluid Distribution and Cable System, Nc 2 SwirJg Arm - NAA Model No.

9ia-013 T<is swing arm is the same as No_ i Swing Arm.

Fluid Distrib,_tion System {House) _AA Mod,-.1 No;. S]a-O!a - T_i_ fl-uid

di,_tribution system provides a ]ink b=_twe=n *n: ,]S_ systems ard t_= spacecraft

for toe safe b,andling of _xhaus_ fumes and fc_r t rar.smtssior cf th_ fl._ds

r:q}_ir:d for c_eckout and s_rvicing of f_e spac:era.ft Safvt_y d_vices are

provided to preve£t failure of th_ distribution svsT:m d_r:i_,g expos Jr- it:

e×tr._me environmen.t. Hazardous fluids, which may b: v:n*-d as a r=s'u]t cf

safety-d-vice operat, ior_, are collected and disposed cf saf=iy a* a r-mut- ar-a

Freon S_pply Lnit - NAA Mcd:l No. Sla-Ol$ - T_is iT+m i} a frec<, s#pply

;i._.dground cooling unit of modular constr_ctior_ a_.d COF,Sists cf CO_trC'i valv_-s,

p_mps, i_struments, aod a heat exchanger To_ assembly pr,_vide5 *n- op:rato_"

with a parJel wDich displays all contr<:.ls ar,d ir,str_me<,ts re4uir-d fz_r op-raticc.

<f tb: ur, it,, The heat-excna, nger loop dissipates the tbermat ](:ads g-_,erat:d

i_',the spacecraft, during groiJnd cperatiorJ and t<st with [reo:-.whicO is s_pplied

at *emperatures, pressures, a_,d flow rates to <andle tae spacecraft c,_o_:iqg load.

Et_y}ene Glycol Water Transfer " 't _.- _,r_l INAA Model N',-, SIL-C, 19 Tee

tra.c_sfer unit consists of a p-,imp a.r_dcontrols to transfer an et_,yl_.r_eglycol-

water solution from a ground supply source cr sol,Jior_ storage task tNrougm

to.-._=at exchanger rio the CM, The unit is <;f modular construction wif_ a co.<-

trois ar,d ir_strumeatation d_splay Mat_r_al in cow,tact with tO_ fluid is

-_.0,-,m I _11 -- I



stainless steel and the system is designed and fabricated to prevent the

entry of foreign matter after assembly and cleaning.

Inerting and Safing Recovery Unit - NAA Model No. S14-021 - The recovery

unit consists of an inert-gas supply and a pumping and control system. It pro-

vides for removal of hazardous fluids from the CM at the recovery site, purging

the CM storage tanks for safety_ and safe storage and transfer of fluids. In-

stallation of controls and instruments provides protection from hazards to

personnel.

Liquid Hydrogen (LH2) Transfer Unit - NAA Model No. S14-026 - The LH 2

transfer unit consists of a pump and controls for transferring LH 2 to the SM

and for removing the hydrogen (H2) leakage and boil-off to a safe location for

disposal.

Liquid Oxygen (L02) Transfer Unit - NAA Model No. S14-032 - The LO 2

transfer unit provides a pump and a controls for transferring LO 2 to the fuel

cells of the SM. The filtering elements remove ninety-eight percent of all

foreign particles larger than i0 microns and i00 percent of all particles

larger than 25 microns from the LO 2 and can operate 50 hours before any filter

element requires cleaning or replacement.

Fluid Distribution _vstems - The_e fl1_i_ _i_f, rihllfi_n m_r_t_mm nrn_rq_ th_

necessary regulation and routing of gases, propellants_ cryogenics, water_ etco,

from the storage areas to the test stands; adequate safety devices; and environ-

mental protection. Hazardous fluids which are vented as a result of safety

device operation are collected and disposed of safely at a remote area. The

fluid distribution systems are in the following areas:

Engineering Acceptance Area - NAA Model No. S14-03_

• II/[ .... 'lii ln-_ 10-11



4

Static Firing Facility - NAA Model No. SI_-035

AMR Hanger - NAA Model No_ Sia-036

Environmental Test, Facil.ity - NAA Model No S14-037

RCS Facility - NAA Model. No. Si4-038

Pad No. 5 - NAA Model No. S14-039

Pad No0 34 - NAA Model No. S14-0_I

Pad No. 37 - NAA Model No_ S1h-042

Propulsion Development Test Facility NAA ModEl No. Slh-0h 3

Environmental AEDC - NAA Model No, S14-0L5

Water Glycol Supply Unit - NAA Model No SIA-052 -

(To be supplied]

EtOyler_e Glycol. Fluid Trim Control Unit - NAA Model h_o SIL-05_

:'To be supplied)

Puel Celi Power Plant-Water Glycol Service bnit - hIAA Model No SI4-OSh -

/To be supplied)

Service Unit R_D ('Instrument.] Cooling System - NAA Model No $1L-055 -

t,

(To be supplied)

10-9 GAS SERVICING EQUIPMENT

Module Leak-Test Unit - NAA Model No SIk-O01 - T_e module leak-tes* ,_nit

is ms-d for leak-testing the CM lit is an assembly containing instrumen*s, cor,-

T_rols, modular-type pumps, and a display panel.

Mass Spect.:remeter Leak Tester NAA Model No. Sla-O03 - T_is tester i_-

cludes a detectable-gas source and attachment device. It provides for performing

sensitive tests of low-order leak rates for systems, subsystems, and components,

i0 _].2



Re-entry Oxygen Supply Unit - NAA Model No. S14-006 - The supply unit

is designed to charge the supercritical storage tanks for the CM with high-

pressure breathable oxygen. It includes storage transfer_ and boost systems

which are free from contaminants and which satisfy test requirements of the

spacecraft for fluid metering and allowable transfer time.

Helium (He) Transfer Unit - NAA Model No. S14-009 - This unit is a

pump_ control_ and storage system for transfer of high-pressure helium gas,

at specified conditions to the spacecraft.

Helium Booster Unit - NAA Model No. S14-022 - The booster unit is a

compressor heat-exchanger system used to increase the pressure of helium_

received in standard commercial high pressure bottles_ by approximately

2000 psi_ to the high pressures required for spacecraft storage. It includes

provisions to filter and dry the helium and to maintain the temperature of

the helium.

Nitrogen (N2) Pressurization Unit - NAA Model No. S14-033 The N 2

pressurization unit controls the supply of nitrogen by providing the precise

pressures required for actuation and stimulation of meclhanical and electro-

mechanical components of the spacecraft. It is also used for purging_ drying_

and leak checking the various Apollo spacecraft systems.

i0-i0 ELECTRICAL SERVICING EQUIPMENT

Battery-Charging Unit - NAAModel No. S14-015 - This unit is used for

charging the spacecraft silver zinc batteries. With manual control and over-

load protective devices_ it provides for a variable charging rate.

- --_- i0-13



10-Ii DESICCATINGSYSTEMS

The following systems are provided fc.r desiccating prupcses_

Extended-Storage Desiccant System - NAAModel No..SiL-O0v T<is

desiccating system provides a meansfor recovery and storage c.f +_e desiccar+t

utilized by the tank desiccating systems° The system is used i_ t_e assem-tly

area and incorporates quick connect and disconnect feav_;r'es Ik_str,_m-.n+aTioa

provides temperature, time, and quality histori--s of tn_= d=sicca_t duriog

r_covery+ Filter performance is at the nominal lO-microo l_vel a_d provid-s

at+solute separation at and larger t_an tb.÷ 25-micron i_v_l

Helium (He) Tank Desiccant System - _AA Mod_i No Sia-02_

Liquid Hydrogen (LH2) Tank I_csiccar_t System - _AA M_d_i No SIL-O_P5

4

Nitrogen Tetroxide (1_204) Tank Desicca_,t System - _IAA Mc,J.l !\,c $1a-02 v

(N2H4) Tank Dessicant System _ NAA Mod_l _lo+ Sia-028

Liquid Oxygen (L02)+ Tank Desiccant System - NAA MOdel N_-n.......Slh-O_i:_

10- 12 CLEANING EQUIPMENT

Vacuum Cleaner Servicing Unit NAA Model _io Sia-oaa Tn: <1-a_i<g

ur_it provides ao independent receiver and vacuum scurc: for t_e p,_rp<,s: of

withdrawing release from pick-up and distri0utic_ systems ar,d trappiog +<e

rofuse within the servicing u_it+ liltregulates tlne i_,comi_g {as flow, fil_:rs

<n< gas discharged zo the atmosphere, and provid-_s opera*_cr ccr.irels, saf-TJ

provisions, and instrumenta±ion+ The servicing unit is-used in the _.qgir_i.=r[_g

Acceptance, House Spacecraft and AMR site areas
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10-i3 CHECKOUT EQUIPMENT

10-14 FAULT DETERMINATION EQUIPMENT (AUTOMATIC & MANUAL)

Barometric Checkout Group - NAA Model No. C14-002 - The CM barometric

checkout group provides pneumatic simulation, control, and panel displays for

checkout of the pressure altimeter, airspeed indicator, and other barometric

devices used in the spacecraft atmospheric envelope. It provides instrumen-

tation and controls for manipulation of atmospheric envelope parameters and

their readout.

Carry On Test Adapter - NAAModel No. C14-005 -

(To be supplied)

Telecommunications System Checkout Group (Collins Radio) - NAA Model

No. C14-008 - The CM checkout group performs checkout of the various telecom-

munication systems_ including near-field communications_ intercommunications,

television 5 telemetry antennas recorders, VHF and UHF transmitters and receivers,

C and S band transponders, HF and VHF recovery beacons, clocks, and ranging

system equipment; and it is employed for checkout and troubleshooting of sub-

systems. The checkout group supplies stimuli and measurement equipment_ and is

integrated into the complete GSE complex to permit automatic or semi-automatic

ui_ku_L _fL_ _1_ly uf _h_ _u__f_. l_ _±'uvid_ Lh_ _i"o2_" logic l_wi_,

signals and commands to the equipment while in remote and automatic mode of

operation, and also operates in manual modes for which visual displays are

provided for verification and monitoring of functions. Each section of the

checkout group is capable of performing checkout functions when operated

separately.
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Crew System Checkout Group - NAA Model No_ Cla-009 - Th_ ZM crew system

checkout group performs checkout and monitoring functions on bio-medical a_d

life sustaining devices, and associated equipment which ls employed i_ conaectiorJ

with operational procedures for sustaining life Means for checkout of persogal

equipment such as oxygen supply, human hygiene apparatus, survival gear ar,d

pressure soits, and bio-medical reporting are included_ TOe group employs

mechanical, man-machine, electrical and auxiliary equipme_it for t0ese checkout

operations. Some other examples of clneckout areas are: communicaticr_ from

bio-medical devices to telemetry equipment, dosimeters, persor_a] parachutes,

couch operation and control, restraints, sleepi.qg ar=a, wir,dows, compar*ment

lighting, escape systems, water purification e_uipment, eatir:g and drinking

devices, lift rafts, location aids,, The c[hecko-ut group of e_[u_pmsrJf is _mployed

for supporting installation, acceptance_ and clnecko-ut of spacecraft systems

I< may be used at Downey, at MSC and in the preia-unch area

Command and Service Module Reaction Cootroi System ChecKout gr<'up

NAA Model• No_ C14-011 - Tais cb_eckout group is used ir_ tests to det<rmin= fuc,c-

ti<mal integrity and flight readiness_ to determioe __ngioe readi_ies_, oxidizer

pressore and temperature, quant.ity and coodition of fuel, positioo of the

engine gimbal, and condition of the prop_llant malfur, c_ion and fife a_d emsr-

gency warning systems. The checkout group provides the proper sig_,al_ and

checks on various subsystems and components of tlme CM ac,d SM Reaction, Control

Systems. The checkout includes operatioo of the stabilization arid cootrc]

system and manual override controls, and tests for proper magrJi_ude arid duration

of reaction-jet operate signals.
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Pyrotechnics Systems and Sequence Checkout Equipment - NAA Model No.

C14-013 (Explosive Devices Checkout Group) - The CM explosive devices checkout

group performs the checkout tests on all pyrotechnic systems and components.

It verifies proper functioning of all circuits to explosive devices including

both sides of all redundant circuits. All units are set up for uniform test

procedures where possible. It tests for unwarranted signals as well as for

presence of the required signals.

Protractor Set - NAA Model C14-017 - The protractor set is used in

conjunction with the stabilization and control checkout group and provides

a means of measuring engine angular position for alignment and checkout of

the SM propulsion engines. It provides an electrical signal proportional to

the engine angular position.

Launch Escape System Bench Maintenance Equipment - NAA Model No. C14-029

This equipment performs functional tests to determine whether the subsystem and

components of the LES_ and its GSE_ are performing within specified limits.

The equipment is able to locate failure of malfunctioning parts within the

LES.

On-Board Recorders Checkout Group - NAA Model No. C14-031- The group

checks out the electrical and mechanical operation of the NASA R&D instrumen-

tation recorders and equipment.

Antenna Checkout Group - NAAModel No. C14-032 - The antenna checkout

group tests the telecommunication antennas in all checkout areas, and may be

integrated into the GSE complex to permit automatic or semi-automatic check-

out of the antenna systems at the launch site.
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Command Module and Service Module Electrical Power System Bench

Maintenance Equipment NAA Model No. CIL-040 - Th_s e_uipmer, t supplies

necessary power and makes meas-,irements to perform a complete functional

test of each component of the CM and SM Electrical Power Syst.ems_ ilt.is

capable of performing malfunction location and isolation in order to facilitate

repairs. For example, it functions in static and dynamic tests of pneumatic

comtrollers_ static and synamic load tests of electrical power geseratirJg

and converting equipment, signal tracing under load to eval-uaL= d_tailed

circuit performance.

Navigation and Guidance System Bench Maintenance Equipment NAA Model

N©. CIL-041- The e_uipment has ti_e capability for f_nctional testing arid

troubleshooting each removable component nf the Navigation aod Guidance

System and associated ground support equipment. Included are tlne following

checks and operational tests:

ao Operational. of digital compc,ne_ts_

b. Running of computer t_rougn all ar_tlame_ic opera_io_s to

_rify correct;hess of computer logic., includi_g margina}

tests to establis_ system reliability.

c. Conducting subroutines t,o identify fs:,_ity or margioa.i

components.

d. Measurement of gyro a_d aecelerometer co_ns_a_]ts to d_srmine

that constants are witlniln al]cwabl_ iimi_so

e. Checking of platform for balalr_ce, drag, and pickoff accuracy

f. Optical. checking of star sighter'_.

g. Testing of individual l.ogic-circuit components to locat_

faults°

4
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Crew Systems Bench Maintenance EQuipment - NAA Model No. C14-047 -

This equipment provides the means to verify whether crew system components

that have been removed from the spacecraft function properly. Equipment to

be tested will include bio-medical equipment, personal equipment, life-

sustenance equipment, and survival equipment. The maintenance equipment

aids in the repair of both electrical and mechanical components of the crew

system. These are some of the checkout functions:

a. Check bio-medical sensors and associated electronic

components.

b. Check electronic components of pressure suits, including

communications and environmental equipment.

c. Test operatiom and calibration of radiation dosimeters.

Command Module and Service Module Reaction Control System Bench

Maintenance Equipment - NAA Model No. C14-049 - Functional tests determine

whether the subsystems and components of the CM and SM Reaction Control

Systems and their GSE are performing within the specified limits. The

bench maintenance equipment is used for identification of malfunctioning

parts such as might be determined in testing propellant control valves for

actuating speed, maximum flow rate, and shut-off leakage_ and checking

calibration of helium pressure regulators.
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Pyrotechnics Bench Maintenance Equipment (Explosive Devices Bench

Maintenance EQuipment) - NAA Model. Noo Ci4-051 - Tibe equipment, is used to

perform checkout tests of all pyrotechnic systems and compoments and tc

make detailed tests to identify malfuactioning parts° Th_se uses include

the performance of confidence tests on all explosive devices immediately

prior to final instal_ation ir_ the spacecraft.

TelemetryZ___Commamd Be_ch Maintenance Equipmsnt NA_& Mod_] No.

014-053 This equipment provides a meaos of performing functional !es_s

on, and isolating malfunctions ir_, the t,-lemetry, radar commur, ications_

command systems and their subsystems_

In-Flight Test and Maintenance Systems Bench Mair_ter_ar_c_ Equipmeat

4

NAA Model Xo_ C14-058 - This mainterJa_ce e_uipmer_* is employed io Cests on

modules of the on-board in.-flight test and maimter_ar_ce system ar,d t_ pro-

grammer converter° In the event tlha.ta ma}fuuction is ir,dicat_d, the t_st

set isolates the malfunction to a repairable level
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Propulsion System Checkout Group - NAA Model No. C14-075 - The SM

checkout group performs checkouts of engine_ readiness, oxidizer pressure and

temperature, quantity and condition of fuel, the engine gimbal, propellant

malfunction system, and the fire and emergency warning systems. It performs

functional tests on the two major subsystems, the vernier propulsion engines

and the mission propulsion engines, and the associated propellant pressurization

electrical control systems. Tests do not involve actual tr_nsfer of fuel and

oxidizer because of the hazards, bu% are restricted to the checking of control

devices and associated electrical circuits. Examples of tests are:

a. Frequency response of gimbal servo drive

b. Operation of attitude control and vernier engine

solenoid valves and their control circuits.

c. Test of mission propulsion engine sequence controller

Propulsion-System Bench Maintenance Equipment - NAA Model No. C14-079 -

In performance and troubleshooting tests on each subsystem and component of

the SM Propulsion System and associated GSE the equipment is used in the follow-

ing tests:

a. Perform functional and timing test on mission propulsion-

engine sequence progr_er.

b. Test function of vernier propulsion controller.

c. Test operation of solenoid valves.

d. Check and calibrate transducers.

e. Check calibration of pressure regulators and relief valves.

Fuel Cell Development Test Stand Bench Maintenance Equipment - NAA

Model No. C14-084 -

(To be supplied)
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Prototype $6S Bench Maintenance Equipment NAA Model No_ "1_-092 -

The SCS bench maintenance group is that equipment used to evaluate performance

of the StablizaZion and Contr'ol System and its components under, bench conditions,

lnterface simulators are included to allow the SOS to be tested in an operatlng

systems mock-up and gyros are rotated by the use of' gyro atti<ude and rate

tables The bench maintenance group provides diagno_,tic capabilities to

isolate malfunctions° Following are some of t_e equipment functions,

a. Check gyro performance.

b. Check servo-loops performance

c, Supply stimuli to vect, or'-jets tr, r'ott, ie and po.:,ition

control subsystem,

d, Check components,

e_ Check out attitude and rate dispia,v penei,

Environmental Controi System High Pressure ]aseous Bench Maintenance

:.rest Stand -, NAA Model No, Clh-i09

(To be supplied)

Environmental Control System Low Pressure 3aseous Bench Maintenance

Zest Stand NAA Model No, CIK-IIO

(to be supplied)

[.adar' Transponder and Recovery Beacon Checkout Unit - NAA Model No,

cih,- ll2 -

(_o be supplied)

Environmental Control System Bench Maintenance r'esr Stand NAA Model

I0- 22
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Environmental Control System Major Subassembly Bench Maintenance Test

Stand - NAA Model No. C14-121 -

(To be supplied)

Test Set Nozzle Extension Flange Leak Test - NAA Model No. C14-125 -

(To be supplied)

Earth Landing System Sequence Bench Maintenance Equipment - NAA Model

No. C14-126 -

(To be supplied)

Test Fixture, Q-Ball - NAA Model No. C14-137 -

(To be supplied)

Test Unit Combined System, Command Module - NAA Model No. C14-138 -

(To be supplied)

Test Unit Combined System, Service Module - NAA Model NOo C14-139 -

(To be supplied)

Data Equipment Bench Maintenance Equipment - NAA Model No. CIL-140 -

(To be supplied)

Bench Maintenance - NAA Model No. C14-141 -

(To be supplied)

C-Band Transponder Equipment Bench Maintenance Equipment - NAA Model

No. C14-142 -

(To be supplied)
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Cr]l/TrTn ..........

....ommun cation and Antenna Equipment Bench Maintenance Equil_m_n _"....

Model No. C14-143

'To be supplied)k

i0 15 EI,ECTFICAD SUPPORT EQUIEME_',

Test Conductor Group - NAA Model No, 91a-O19 - 'ihis equipment gr'o_p

controls combined or individual systems tests through the individual _y_tems

c_ecKout groups. Tests may be controlled manualJy or' automatica]Jy accor'ding

to t_e prescribed program, A computer' i_ programmed to anaivze _ys_m p_r-

focmance and make decisions regarding a]'_r'na<e _roced]_'es, ,nforma_ion

_ertaln_ng to _he test being eond,Jcted Is displayed arid r'ecor,ded_ Data

from spacecraft zelemetry may be accepted and Lrocessed.

Electrical Junction-i%ox Set - [NAA Model No "ia-£25 -he ._ eiectr'tca'

jut, c-ion-box set consists of rack-mounted ter'minais, c_r'cui_ h:'e_=r'._,, war"_r:_

lights, power switches, and other' i_ems for power' dJ-,'ributio_._ ov-r'ioaJ

_r'o<ection and safety, Permanent inst:aliatlor;s of thi_, equipm, n_ _r_ pr'o_id=._

at _ne Downey acceptance area and at the AMP hangar' and launch ar'e_, !_,, _

j,]nctton-box set is a connection center' for' power' and signal cl,-'c_}"s be'ween

,,{r'ious groups of checkout equipment for' differ'ont _.e=< ar'r'anAeme_._,.

Calibration Unit - NAA Model No, £1a-056- T_e calibr'a_ior, _n_z' emi_!oy-,

an assembly of primary and secondary standards s_itahle for' verif'ica_ior or'

a,_curaey of t:ransd_cers_ pressure switches, gages, relief vaiv=s a<d i_=

ecluipmento [['he unit consititutes a transfer standar'd for' cah<rat;o_, of' tort,

spaceborne and GSE instrumentation, It includes circuitry to tr'_r_mi' s'.:m,_li

<o components being tested and to monitor' signals fr'om the comgor, e<':. l.* is

to be used in all areas in which ffnstrumentation systems are oper'a"=d ar_J

checked out.
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Propulsion-Test Control Group - NAA Model No. C14-076 - The test control

group provides control of the mission propulsion system during all developmental,

qualification, and acceptance test firings. Controls are identical to those in

the spacecraft, and are to be utilized for evaluation of and as back-up to

spacecraft controls in static firings controlled by the crew in the CM.

Stablization and Control System Bench Maintenance Equipment (Stabliza-

tion and Control System Rate Table Auxiliary Equipment) - NAA Model No.

C14-095 This equipment is used during bench test activities to apply

controlled rates to the stablization and control system rate gyro for checkout

and maintenance purposes. Component and system response are evaluated as a

function of this mechanical input.

Cable Set, Electrical - NAA Model No. C14-I08 - The cable set contains

the cable assemblies to provide electrical interconnect±on between GSE.

Signal Conditioner - NAA Model No. C14-135 -

(To be supplied)

Umbilical Junction Box NAA Model No. C14-136 -

(To be supplied)

Fressure Vacuum Stzmumz Group - _A_ Mode± No. U±4-±_4 -

(To be supplied)

Carry-On PCM System - NAA Model No. C14-210 -

(To be supplied)

Carry-On Stimuli Generator - NAA Model No. C14-220

(To be supplied)
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Servicing Equipment Space Adapter' - NAA Model No_ CiL-2LC,

(To be supplied)

10-16 TELEMETRY GROD-ND STATION EQUIPMENT

Telemetry Ground Station (Van) (R&D),- NAA Model No, Cla-021 A

telemetry station plus associated equipment, in a mobile vat is supplied by

North American Aviatio% Inc._ Space and Information Systems DivisiorJ, for'

use at field-test sites to support boilerplate _est vehicles.

Telemetry Ground Station (AMRH] NAA Model No, ,'14-O22 This,

telemetry ground station has a fixed loca_ion im the AMR hanger'_ ',itconsists

of receiv_ng equipment only_ but_ in this sense_ it augments I,SE checkout, of

spacecraft systems. The ground station receives PAM from the Launch ve_icie

arid PCM from the spacecraft systems. It has the capability of decommu'a_ing,

converting_ recording and preparing this data for' display a_d moE-n_or'ing

purposes,

Telemetry/Radar_Command Monitor' Equipment (B&D' NAA Model No, Cl_-090

The equipment is used to monitor selected parameters of each indiwidual space-

cr'afL system during combined systems test_ pr'e-launch_ l_d_]ch_ and ear'ig

flight operations. Limit comparators are provided to con+inuo,nsly monitor'

selected critical parameters for an out-of-tolerance condltion_ The iafor'-

mabion displayed allows the equipment operator' to assess Lhe over_li system

performance° Controls are provided for selection of data to be displayed and

insertion of comparator limits. The equipment accepts serial binar'y coded

decimal data for conversion and display.
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10-17 DATA RECORDING AND DATA EQUIPMENT

Data-Recording Group - NAA Model No. C14-020 - The CH data-recording

group records information from various test groups during test and launch

operations. Data recorded consists of high-speed digital information

(magnetic tape), low-speed digital information (printer, typerwriter), on-off

signal information (Sanborn pen), and analog signal information (strip chart,

X-Y plotter); and is accepted from individual system checkout groups, or from

the test conductor group. Data is accepted without conversion or special

processing.

Mobile Data-Recording Group - NAA Model No. C14-089 - The mobile data

recording group is provided to record information from the various test

groups during in-house spacecraft testing. It is used for tr91_ble-shooting ,

for "quick-look" recorded data, and for acceptance tests.

Data Interleaving and Command System - NAA Model No. C14-230

(To be supplied)

AT_ILIARY EOUIPMENT

SIMULATORS AND DUMMIES

Launch Escape Tower System Simulator - NAA Model No. AI4-O01 - The

simulator is an auxiliary item of equipment to facilitate spacecrar_ systems

checkout through simulation of actual launch escape tower system functions.

When connected to the CM; the simulator receives and measures" electrical

signals, determines from signal characteristics whether or not the signals

would reliably operate the launch escape tower systems, and transmits results

of measurement and analysis to the CM system test group. Specific launch

escape tower system functions to be simulated include yaw - engine start,

thrust-chamber nozzle start, and jettison-motor start.
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Command Module Simulator - NAA Model No_ A14-002 The simulator is

an auxiliary device for testing the SM systems wlth the SM and CM unmated_

:_he simulator includes subsystems and components to generate and receive

electrical signals for performing checkout functions, The capabili[_es of

the simulator include the following functions_

a. Provide for a load test of the power generating system.

b. Supply ground power to the SM busses,

c. Control fuel-cell operation and fuel-system pressuriza_iorJ_

d. Generate control commands for functional tes,, of' \ler'n_e_'

propulsion_ attitude control_ and mission propuision-englne

firing sequence programmer,

e. Receive monitor signals from _he glycol water cooiir_g

system.

f o Provide for functional tests of Telecommunications a_d

Instrm_lentation Systems°

E_losive-Devices Simulator Set - NAA Model No, AI4-O0_ - The explosive-

devices simulator set is auxiliary equipment facil_tating GSE combined systems

checkout of the spacecraft and launch vehicle firing cir'cuits wi_hout fi['irJg ar_y

of tae e×plosive devices. The simulator measures the magni_ud_ of _he firing

impulse to determine whether the explosive device would have fired_ arid ver'ifles

that no undesired impulses are present to cause accidental f_rin_

Service Module Simulator - NAA Model No,, AIm-016- _lhe slmuia_or', when

used i.n conjunction with the spacecraft adapter s_muiator and the launch vehicle

simulator_ assists in checkout of the CM wiLhout utilizing the SM, The s_mula_or

pro\_ides to either SM interface_ a facsimile of _.he SM signals, 9ower requi_.e-

ments_ loads_ and other functions. No provisions are made for s_mu_at_on of

self comtained functions of the SM.
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Spacecraft Adapter Simulator - NAA Model No. Ai4-017 - This simulator

supplies signals and functions that are supplied operationally by the Adapter

to the spacecraft and the launch vehicle, and so, facilitates combined-systems check-

out of these neighbors without an adapter. Primarily, the adapter simulator consists

of wiring, since only a fe_ signals or functions have their origin in the Adapter.

The signals are primarily sensor responses.

Launch Vehicle Simulator - NAA Model No. A14-018 - The equipment presents

to the SM-CM combination (CSM), an interface which is electrically similar to

the launch vehicle. It accepts control signals from the CSM and produces system

responses to facilitate a complete functional checkout and test of the CM and SM

functions. Specific functions simulated include:

a. Acceptance of on-off type command signals and generation

of appropriate responses.

b. Receipt of servo-drive signals and feedback of

appropriate signals.

c. Generation of calibrated analog signals to test the

instrumentation system.

Launch Vehicle Intermodule Simulator, C-I - NAA Model No. A14-021

(To be supplied)

Command Module Ground Support Equipment Verification Simulator -

NAA Model No. A14-029 -

(To be supplied)

Service Module Ground Support Equipment Verification Simulator -

NAA Model No. A14-030 -

(To be supplied)
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Command Module Fluid System Intermodule Simulator' - NAA

Model No. A14-031 -

(To be supplied)

Service Module Fluid System Intermodule Simulator - 9AA Model

No. A14-032 -

(To be supplied)

Environmental Control System Metabolic Simulator NAA

Model No. A14-033 -

(To be supplied)

Launch Escape Motor Dummy - NAA Model BOo AIL-3$ -

(To be supplied)

Launch Escape System Tower Jettison Motor Dummy ,- NAA Model No_ Ala-Oi_9 -

(To be supplied)

Launch Escape System Kicker Motor Dummy- NAA Model No, AiL-O_O -

(To be supplied)

Launch Escape System Equipment Simulator Set NAA Mode i No Aza-oL$-

(To be supplied)

iO-.2D PROTECTIVE AND ENVIRONMENTAL CONTROL EQU]_PME,NT

Protective Covers - Covers protect each of the majo:r ur_it:s of +.he

s,Tacecraft from the detrimental effects of weather during %ransLor'atio_Jo

These covers are constructed of rubberized fabric, equipped with suitable

means of attachment_ and fit the contour of the particular unit rae foiiowimg

covers will be provided:

D
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b.

C.

d.

e.

4-]Spocecr_uOt Adapter Ctvcr NAA Mode_] No. A_ll--O09

Comnmnd H_du]e Cover - NAA _cdel No. A14-0AO

Service Module Cover - NAA Model No. A14-020

Launch },]scape System Cover - NAA M_del No. AII!-022

TL.onsport. Cover ,_.:__u - NAA M_del N( . A]_4-0_t2

C_p and P,ug S_t - NAA H_del No. A14-026 - The c_p and plug set

provides dustproof covers for all openings to maintain system clean_liness

in the LES CH: and SM during shipment or storage. These cover all interface

openings_ ducts_ nnd pipe openings.

A(iapter Cap and Plug Set - NAA Model No. A14-027 - This set has the

same functions £or the Adapter as those described above.

Pressure Distribution Unit - NAA Model No. A14-034 -

(To be supplied)

Ground Air Circulating Unit - NAA Model No. A14-036 -

(To be supplied)

Adapter snd Duct Set NAA Medea N, . AllI-037 -

(To be supplied)

Gyro Heater and Temperature Controller - NAA Model No. A]ll-O)i2 -

(To be supplied)

Protective Closure and Installation Ki_t£ Nozzle Extension - NAA

Model No. A14-043 -

(To be supplied)

Nozzle C_losure (Duct Cover) NAA Hode_l No. Ai]i_-044 -

(To be supplied)
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Nozzle Plug - NAA Model No. A14-045 -

(To be supplied)

10-21 CLEANING EQUIPMENT

Cleanin_ Positioner, Spacecraft (Command and Serviee Module Debris

Tumbler) NAA Model No. A14-014 - The CM and SM debri.s tumbler

consists of a stand and rotatable gimbals° The tumbler can rotate the CM o_' SM

through 360 degrees on any of the three axes to dislodge debris in order that

it may be detected and removed.

Vacuum-Cleaner Set - NAA Model No. AIK-.OT5 - This se _ is p_'o,,_ded

£o main±ain CM cleanliness prior to spacecraft flighi_ Manualiy-opera_ed,

it provides hose and attachments for directing a vacuum source _;o the CM

debris traps.

Vacuum Cleaner - NAA Model Noo A14-035 -

i'To be supplied)

10.-22 UMBILICAL EQUIPMENT

Umbilical-Disconnect Set - NAA Model NOo AIk-Oi9- ?he disconr_ec_ se _

which performs connection and disconnection funetioas provides a grouped-

connection configuration for the test area servicing facill_ieso The set

consists of a match-plate and retractable-mechanism assembly with conmec_ioms

in a position which mate with the vehicle connect_onso Flu_d disco_nec_s

are self-sealing and an open condition is indicated,

Umbilical Disconnect Set - _late and House Spacecraft) -

NAA Model No. A14-024 - This set is similar to tlae preceding _et

_'Model .No. A14-019) except that it is used with boilerpia_e spacecra£_T numbers

13 and 15 and the house spacecraft,
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10-23 ALIGNME_NT AND POSITIONING EQUIPMENT

Launch Escape System Optical-Ali_nment Set - NAA Model

No. A14-007 - The LES optical-alignment set is used to optically

align the nose cone, jettison motor, the main motors, thrust-vector motors, and

the launch escape power prior to assembly to the spacecraft. It is a rail-guide-

mounted table with supporting frame and optical mounting plates° Alignment of

motors may be accomplished in the horizontal and vertical positions.

Holding Fixture - NAA Model No. A14-013 -During testing this fixture

holds Boilerplates No. 6 and 20 to the launch pad by clamps and leveling lugs

which separate in the proper sequence. It supports and positions the CM

and launch escape propulsion system during pad abort tests.

Control Crane_ Auxiliary - NAA Model No. AI4-OL6 -

(To be supplied)

Box Level - NAA Model No. A14-047 -

(To be supplied)
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SECTIONXI

FUNCTIONA/_DDESCRIPTION

ii-i INTRODUCTION

The Apollo Ground Operational Support System (GOSS) is a system of

ground stations and complexes which are distributed world-wide and provide

the Apollo spacecraft and launch vehicle with mission support during all

phases from prelaunch through post-recovery. The Apollo GOSS includes the

following:

a. Integrated Mission Control Center (IMCC) - provides over-

all mission control and coordination.

b. Launch Control Center (LCC) - provides detailed control of

the prelaunch, countdown and launch phases of the Apollo

mission.

c. Recovery Control Centers - provide detailed control of the

equipment and personnel associated with the recovery phase

of the mission at each of the recovery areas.

d. Global Tracking Networks - provide data collection, limited

processing and transmission of information obtained from

bL_ _u_ v_hlul_ 4u bh_ _uutrol cembers. Receives _a_a,

information and commands as transmitted from the primary

control centers, and transmits the data to the space vehicle.

e. Intersite Communications Facilities - provide world-wide

communications between all of the Apollo GOSS sites.

The GOSS supports the Apollo missions by performing the following

basic functions:
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a. Provides over-all mission commandand control for both

mannedand unmannedApollo missions from prelaunch through

post recovery.

b. Pcovides direct support to the spacecraft crew by supplying

performance and status information and by recommendingor

commandingalternate missions or possible mission aborts.

c. Collects, analyzes and disseminates scientific data for use

in future Apollo missions and other scientific programs_

d. Provides information that upon review maybe disseminated

to the general public°

The evolution of the GOSShas the inherent objective of conservation of

national resources. The Apollo Ground Operational Support System is comprised

of a large complex of equipment and personnel subsystems. Most of these

establishments provide support for other NASAan_/or military space exploration

programs in addition to the Apollo program_ Thereforej the needs of all space

programs placed upon the GOSSare to be integrated as a set of requirements

for one global system. Other programs include the Mercury and Gemini space

programs_ the Ranger and Surveyor lunar exploration programs, and the Mariner_

Venusand Mars exploration programs which have various development-rims scales

in relation to that of Apollo. Since, in general, the requirements of the GOSS

for each successive program are greater, the development of the Apollo GOSSis

being accomplished in a "building block" fashion with the Mercury and present

deep space programs serving as a base.

11-2 FUNCTIONS

The functions to be performed by the Apollo GOSS can be considered under

two categories, Mission and Non-Mission, which are described below,

11-2
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11-3 MISSION FUNCTIONS

These functions encompass activities through countdown_ launch, flight_

recovery, and post-recovery phases of any particular mission°

Direct Spacecraft Crew Support As Fo_lows:

a. Provides two-way voice communications between the spacecraft

crew and selected personnel in the ground control centers°

This type of communication provides for a quick assessment

of data and information from various sources, for an evalu_

ation of situations which require deviations from the estab-

iished detailed mission pian_ for an integration of decision

and co_and, and allows the COSS personnel to obtain specific

information that may not otherwise be readily available°

b. Provides for the reception, reduction, amd display of

selected spacecraft telemetry data at the Mission Control

Centers so that performance and status of the spacecraft

and crew can be monitored by the center's personnel°

c. Provides for the transmission of data, decisions, and

command from the Command and Control Centers.

d. Provides spacecraft trajectory information and assists the

flight crew to determine what, if any, trajectory changes

or corrections are required and how the changes should be

made.

e. Provides for the reception of television data from the LEM

so that the GOSS personnel can aid the spacecraft crew in

evaluating the lunar surface and lunar operations.



f. Provides for the derivation of data by the GOSSand trans-

mission to the spacecraft. This information maybe prime,

or it may be data used for comparison or for updating

spacecraft derived data.

g. Maintains throughout the mission a detailed alternate mission

and mission abort plan so that the spacecraft crew can be

immediately advised of recommendedor required acticnso

Indirect Spacecraft Crew Support As Follows_

a. Provides two-way voice communication between selected

operating personnel located at each of the GOSS sites, and

between the GOSS sites and Mission Control Centers, and

associated government agencies°

b0 Provides for transmission of spacecraft and crew data to the

Mission Control Centers so that tlhe data can be processed

and displayed°

c. Provides for transmission of data to other GOSS sites for

utilization at those sites or retransmission to the

spacecraft.

d. Provides for transmission of GOSS site status and mission

analysis information from each site to the Missio_ Control

Centers for processing and display°

e. Provides for transmission of a time standard tc all GOSS

sites and the spacecraft to establish a common reference

to which all data can be synchronized and properly identified°

f. Provides for recording of all pertinent data for use in

analysis and training°
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g. Locates and assists in recovering the spacecraft and crew

from ]and or water anywhere on earth.

ho Provides for display of the over_all mission status and

information for the Mission Control Centers personnel.

i. Provides for analysis of data so that potential hazards

can be predicted or existing hazards determined.

11-4 NON MISSION FUNCTIONS

These functions encompass a variety of activities in general suppor_

of the Apollo Program_ but_ except for some overlap of functions to the

mission category described above, do not include support of prime operational

missions. These functions can be classified under the following:

ao Provides for personnel training_

bo Provides mission simulation in whole or in part so that

system operation and proposed system changes can be evaluated°

c. Develops new procedures, techniques_ and equipment in conuec_

t_on with presently planned and future space programs.

d. Evaluates and compares past mission and simulated mission

performances°

eo Performs other administrative and technical functioms_

i] - ' ',,' '. ,(,J',A.'_'_r,,_,) !'/II[S_][[O.N C'O_]r_OL C}_,Nr_[J,,-*'r " _" ( ]_,_CC)

The I[HCC_ !ocated at Clear Lake_ near Houston_ will have the capability

of monitoring the spacecraft and directing the support elements for al] phases

of the Apollo missions_ including unmanned and manned earth_orbitai and lunar

flights. The IHCC utilizes the services prov:ided to it by the Launch Control
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Center, the Global Tracking and Communication Networks_ The Computer Complex at

Houston_ the Recovery Control Centers and forces, and the data reduction

facilities.

Major Systems - The major systems of the IMCC are:

a. Real Time Computer Complex !RTCC)

b. Communication System

c. Mission Control Area

d. Simulation System

Real Time Computer Comolex (RTCC) _ue RTCC performs these functions:

a. Processes all the necessary calculations connected with

the mission.

b. Performs and evaluates simulation exercises and training,

c. Collects tracking data from remote stations and continuously

evaluates the performance of the spacecraft and GOSS.

d. Furmishes designated acquisition data to all remote stations

e. Processes critical performance data to determine flight

parameter changes to be made either by the spacecrew or

GOSS_

f. Accepts and processes all telemetry data for display and

recording.

g. Supplies information to all displays and consoles at IMCC

h. Processes and analyzes all post flight data in conjunction

with data reduction facilities_

i. Performs special calculations as required.

Communication System - This network system terminates at the IMCC

facility. The data consists of voice, teletype, high-speed and low-speed
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digital information, and television signals. Rue facility includes the inter-

co_nunication system for the Control Center_

Mission Control Center - 7his is the control point or operations room

from which the mission control will be exercised. It will be the prime display

area for aeromedical and spacecraft systems data and trajectory monitoring°

Simulation System - _is system t_es together the IMCC spacecraft trainer

and the operational equipment° The system provides for the training of the

flight controller personnel with the spacecraft crew in closed-loop exercises.

It assists in the checkout of the IMCC and _he GOSS prior to actual flight,

11-7 LAUNCH CONYROi. CEN_R (LCC)

The launch control, including the space vehicle preparation and checkouts,

and the launch countdown will be conducted from the LCC at Cape ganaveral,

LCC facilities include the displays and communications necessary for monitoring

the progress ,of the mission countdown and powered flight phase.

11-8 RECOVERY CONTROL CENTERS (RCC)

The exact locations and operational configurations of the RCC's are not

known at this time. Plans are being considered where one landing area would

be located in South Texas and one in Western Australia, The RCC's would be

equipped with re-entry and terminal tracking capabilities_ spacecraft communi-

cation_ meteorological aids, etc. There will be a communication link with

the IMCC.

_ae IMCC supplies the RCC's with the acquisition data for tracking and

the likely impact time and location of the re-entry vehicle.

The major functions of _he RCC are to_

a. Supply the IMCC, on demand, information concerning the
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disposition and readiness of recovery forces and any other

information that may be useful to the IMCC.

b. Acquire the spacecraft by its own devices or from designated

data_ track the spacecraft throughout the re-entry period

and relay the tracking and other data to the IMCCo

c. Establish the impact point and direct the recovery operations

in the most expeditious manner,

d. Recover the crew and the spacecraft_

t

R,

11-9 GLOBAL TRACKING NETWORKS

T.qe GOSS tracking and communication facilities are composed of the

following facilities°

ao Near Earth Instrumentation facilities_ These are

essentially the present Mercury Tracking Network°

b° Deep Space Instrumentation Facilities are currently

the existing JPL stations_

c. Tracking ships and possible relay aircraft°

d. Instrumented recovery aircraft.

e. Training and checkout aircraft

Other networks, such as Minitrack and the Godlard Range and Range Rate

system, might be used if necessary or under contingency conditions

Near Earth Instrumentation Facili__tz___,NEIF) - _ne primary near earth

tracking and communications network to be used for Apollo earth orbital flights

will be the present Project Mercury network, with some modifications inherited

from Project Gemini and augmented as necessary to satisfy the special needs of

Project Apollo.

The general tracking capabilities of the Mercury network are su_mmarized

in table ii-io The communication facilities are listed in table 11-2 A new
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tracking station is planned for 1964 near Carnarvon in Western Australia° This

station will be equipped with an advanced long range C-band precision tracking

radar, the AN/FPQ-6. Some of the Mercury stations will be modified for Project

Gemini, primarily by addition of PCM-FMtelemetry facilities, on-site data

processsng, and some other equipment. Expansion and changes to the existing

communication links will also be made. The stations involved in the Project

Gemini improvements, and the added capabilities are shown in table 11-3o

Deep Space Instrumentation Facility (DSIF) - The Deep Space Instru-

mentation Facility operated for NASA by JPL consists, at present, of three

stations located at Goldstone, California; Johannesburg, South Africa; and

Woomera, Australia. Table 11-4 and 11-5 show the location of these stations

and their space mission frequencies respectively° Modifications of the

present DSIF will be required to permit expanded telemetry, TV and voice

communication with the spacecraft.

Trackin5 Ships Instrumented tracking ships will be required to

collect data during earth-orbital and lunar insertions, orbital tracking,

and reentry. The exact number and locations of the tracking ships is not

established at this time_ but will probably be somewhere in the Atlantic,

for insertion: in the Pacific. for ]andin_ _n Taw_. _ _ +_ T_ n_o_

for landing in Australia. One or two ships may be required in each location°

The type of instrumentation on the ships is also undetermined at this time,

but will probably be similar to a typical land-based remote station.

Relay aircraft may be required to pick up telemetry and other data

from ships and retransmit the data to the land-based network in near real time°
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TABLE Kl_, Project Gemini Modification to Mercury Network

Additional Faci!Itles to be implemented shown thus *

Cope Canaveral

P_ctcrla, S. A.

N_A _nip

Canary isl_.nd

iiuah_a

P_cific C_, _nip

Guzy_as

Z Corgus Caristi

_mcen_ion Is!ar_

@

@

@

@

$

Data

Processor
Displays

C_d

Encoders
R F Cam-_Acquisl-

mand _tion

Systems _Aids

W

@

i

@

@

@

@

@

* @

4_

@

% @

_ne provision of On-site data processor and its final capabilities

and utilization are still '_.der consideration.
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TABLE 11-4

DSIE STATION LOCATION

DSIF LOCATION

GEODETIC GEODETIC

CODE LATITUDE LONGITUDE

Goldstone, Calif.

Johannesburg, S. Africa

Woomera_ Australia

GS 35.389 ° N. 116.848 ° W.

J 25.89 l° S. 27.675 ° E.

W 31.382 ° S. 136.886 ° E.
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TABLE ii- 5

DS.NT _PAC,_,MISSION FREQUENCIES

17 ,Y'IqEQUE.N _Y _ MZ

YEAR

OPERATIONAL

I_ DSIF

USE

2115 +_5

Tentative Do_ Channels

I) 2110-2111 13/16

2) 2111 13/16 - 2114 12/16

31) 211h 11/16 - 21.20

1963(A) Transmitter Frequency. (3 channels)

for DSIF equipment°

Receiver Freq_ _i channel) for

individual spacecraft

Receiver/transponder

2295 + 5

Tentative DSIF channels

I) 2290-2293 1/3

2) 2293 i./3 - 2296 2/3

3,) 2296 2/3 - 2300

19631A) Receiver Freq, 13 channels)

for DSIF equipment_

Pransmitter Yreq, _I channel)

for individual spacecraft

tran smi tte r/transponder

NOTE The transmitting and receiving frequencies of channels I, 2, and 3

above, are in the ratio of 240/221 to be compatible with the

spacecraft transponder, Channel number 2 and 3 are compatible

with the JPL precision [3-MC bandwidth Banging System.
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Instrumented Recovery Aircraft - Tracking aircraft may be used in the

recovery areas to assist in spacecraft location and recovery.

Training and Checkout Aircrafb - These aircraft simulate spacecraft

characteristics and are used in the training of GOSS personnel and in checkout

of GOSS equipment.

Minitrack Network - During contingency conditions the minitrack communi-

cations network may be used. _mis chain of stations runs roughly north-south

and is tabulated in table 11-6.

The Range and Range Rate Network - The Range and Range Rate Network

(R and R) is being implemented by GSFC for their scientific satellite programs

and could conceivably be used for Apollo spacecraft tracking and communications_

provided duplicate facilities will be available and the system modified to carry

expanded telemetry_ voice and television_ and provided these can be done in

time for Apollo Manned Flights. This system could be used for both near earth

and deep space applications. Table 11-7 shows the currently planned locations

o

of the R and R stations.

ii-i0 TRACKING FUNCTION AND INFORMATION FLOW

Figure ii-i shows the GOSS tracking functions and the proposed infor-

mation flow paths for the Apollo mission.

ii-ii INTERSiTE COMMUNICATION NETWORK

_ne proposed Apollo Ground Communications Network is shown on Figure

11-2. _ne figure shows the basic communication links between the various

sites and the communication center located at Clear Lake.

<
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TABLE 11-6. GEODETIC POSITIONS OF MINITR&CK STATIONS

STATZ02

D:f316%[AT!ON STATION LOCA_q_ON

_7_TA Antogagasta, _nile

AL4_i_:% _airbanks, Alask_

ZP0-_ Blossom Point, Md.

0P0:qKS East Grand Porks,

Minnesota

J0_LI_G Johanr.esburgh_ S. Africa

L_/QPU Lima_ Peru

_CAL San Diego_ California

_[2]'J._LD St. Job-n 's_

Newfotuud]2.nd

OCb_A Woomera, Australia

PAI_'IG Ar_tigua Island, B.W.I.

QUITOE Quito, Ecuador

Si_2AQO Santiago, C_.ile

_',r;'I_'LD Wir.kfield_ England

F_,_S Fort _ers, Florida

JE _"i7;LD Goidstone Lake,

California

_ST EL_ATION

L01[__G. L{TL_JDE FTo

289-43-36.838 S-23-37-15.993 1703

212-09-47.387 N-64-52-i8.591 527

282-54-48.170 .....E-4o-_5-@9.718 15

/ . -F

2o2-59-2±.55o N-48-01-20.668 823

027-42-27.93! S-25-52-58.862 4988

282-50-58.!84 S-il-46_36.492 161

243-01-43-707 N-32-34-_7.70i 514

307-!6-43.240 N-47-4_-29.O49 400

136-46-59.52 S-31-06-09.49 510

298-13-16.536 _-17-08-32.586 16

281-25-14.770 S-00-37-2i.751 i17o3

289-19-51.283 s-33-08-58.1o6 2280

_59-18-14.615 N-51-26-44.]22 215

278-08-03.887 N-26-32-53.516 il.56

243-06-02.776 N-35-19-48.525 3044
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TABLE 11-7. GS_C RA!_GE & .R_.TGE R&TE _=c-_

LOCATION

Ro_m_-u, N. Carolina

Johannesburg, S. Africa

Carmavon, W. Australia

35°12'00" i277°07'00" ! 1963

-25 ° 52'93.8"I 27 ° 4e'27.9" I !963

-24 ° 52'60" ll3 ° 38'00" i 1963

_here are other R & _ st_tionz Dlamz_d for the GS_C scientific 2rcL2_ms,

but their locations are not _finite at this time.
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SECTION XII

GROUND OPERATIONAL SUPPORT SYSTEM OPERATION

(This section intentionally left vacant)
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CHAPTER5 - DEVELOPMENTPROGRAMS

SECTIONXIII

APOLLOREQUIREMENTS

13-1 OBJECTIVES

The primary objectives of the development program are evaluations of

the flight dynamics and control of the various modules and the Launch

Escape and Earth Landing Systems, evaluation of performance and integration

of the Apollo systems functions_ and, later in the program, evaluation and

refinement in training and integration of the crew. Specific test mission

objectives are described in Section XVDevelopment Program Descriptions.

13-2 DEVELOPMENT REQUIREMENTS

Qualification-reliability testing is being accomplished to evaluate

components and parts. As the program proceeds, qualification tests are to

be performed on major subassemblies, subsystems, systems, modules, and

combination of modules. Tests include variability in performance, off-

limit performance, and life tests. Data obtained from all test sources_

including life_ development_ qualification-reliability, qualification, and

spacecraft ground and flight tests will be utilized to demonstrate re-

liability. The program includes similar development requirements for the

_pacecraI_ Ground Support Equipment and the Ground Operational Support

System. See Section I, paragraph i-8 General Requirements.

The Apollo development test logic involves a progression of tests

for each Apollo system from the earliest component testing through develop-

ment, qualification-reliability, and integrated systems tests. Strict

time phasing is required throughout the various test stages of the Apollo

Spacecraft as increasingly exhaustive tests are performed toward ultimately

qualifying the Apollo vehicle for manned space flight.
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13-3 MILESTONE SCHEDULE

Significant milestones of the Apollo flight test program are shown in

_able 13-1 and serve to illustrate the progressive development of the Apollo

vehicle.
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SECT ION X IV

LITTLE JOE II LAUNCH VEHICLE

14-1 FUNCTION

Prior to flights using major launch vehicles, the Little Joe II Launch

Vehicle will be used to qualify the unmanned Apollo Launch Escape System and

Command Module at conditions simulating abort at high dynamic pressure. These

tests include a high dynamic pressure ("q'!) abort test to determine stability

and loads during abort with control failure, a high "q" abort test to qualify

the Launch Escape System, a high altitude atmospheric abort test to qualify the

Launch Escape Propulsion System, and a high "q" abort test to qualify the

Command Module Structural System during abort with thrust vector control.

14 -2 DES CR IPT ION

The Launching System for the suborbital test program consists of the

launch vehicle, the launcher, and the ground support equipment which are

described below.

14-3 LAUNCH VEHICLE

The Little Joe II Launch Vehicle as shown on Figure 14-1 is a fin-

stabilized airframe which uses solid fuel rocket motors as its source of pro-

pulsion power. Depending on the particular mission, the propulsion system

consisss of various combinations of Thiokol Recruit (booster) and Aerooe_ Algol

(sustaining) motors, and their igniters and exhaust nozzles. In addition to the

propulsion system, the vehicle incorporates the airborne portions of a command

destruct system to terminate thrust of the sustaining rocket motors at any

time during tl]e powered portion of a flight, and a measurement system using

sensors which operate in conjunction with the payload telemetry system. An

electrical system contains all components for supply, conversionl, distribution,

and control of electrical power as required for the vehicle, syst_ms Most of

"-'C,3]..... T_I , _.._ 14-1
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the components are located in an equipment area between Vehicle Stations O. 0 and

] ]I-.' I{5 ] I_ o ].'w_ .:_'d o f [_]:t£bA_gO1, lY_Q[,OFS. -_" Three access doors spaced around the body

provide access to the equipment area_ and a cra_,lway permits movement of g_'ound

personnei.,within this area.

The airframe is a cylindrical structure with a truncated form corrugated

skin and four stabilizing fins. The body is in two sections, with three main

bulkheads, two in the afterbody and one in the forebody. One of the bulkheads

in the afterbody supports the aft attachment fittings of the fins and absorbs

motor thrust, and the other bulkhead in the afterbody supports the forward attach-

ment fittings of the fins. The bulkhead in the forebody supports the forward ends

of the sustaining rocket motors. A mating ring at Vehicle Station 0.0 interfaces

the spacecraft Service Module; mating rings at Vehicle Station 227.0 interface the

two body sections. The afterbody rests on the launcher pads and pins.

The vehicle quadrant layout and orientation with reference to launcher are

shown on Figure 14-2.

14- 4 LAUNCHER

The launcher, shown on Figure 14-1, is supported by four crane-type trucks

which travel on tracks secured to the launch pad. Components of the launcher in-

clude two support beams, a pivot frame, a support platform, and a mast. Two

A-frames, bolted to the pivot frame, serve as hinge points for the vehicle support

platform while a screwjack assembly tilts the platform to the required elevation

angle. Electric motors in the outer trucks pivot the launcher around a pivot pin

to the required azimuth position or to the assembly and service position.

The mast, attached to the support platform, stabilizes the vehicle after

installation on the launcher and until the vehicle has risen 2-1/4 inches from

the platform during launch. When the vehicle has risen this distance, support

hooks on the vehicle forebody rise free of the two support arms attached to the

mast. These support arms then retract to avoid interference with the vehicle.

14-3
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The mast also supports an umbilical arm which retracts five seconds prior to

launch to free the spacecraft umbilical harness.

The support platform incorporates three pads and three pins mounted on

tripods and bipods to support the vehicle. Two of these pins support the vehicle

and prevent it from shifting when the platform is tilted; the third pin minimizes

any shifting of the vehicle due to wind gusts, especially during lift-off. A

removable work platform grating installed below the support platform provides

working access to the vehicle and its rocket motors.

The pivot frame is mounted on the two support beams which in turn rest on

the four azimuth trucks. This frame is the basic assembly of the launcher, and

serves as a base and fulcrum for the other launcher sections.

The two screwjacks for elevation positioning are attached between the

pivot frame and the support platform_ and are driven by a single electric motor

mounted on the screwjack transfer shaft housing.

14-5 GROUND SUPPORT EQUIPMENT

Ground support equipment includes a launch vehicle console, portable launcher

control panel, launcher-position motor controller, and air conditioning ducting

used in conjunction with government-furnished air conditioning equipment. In addi-

tion, there is a vehicle storage cradle, a covering bag, and a forebody mating

stand. Other equipment includes various hoisting slings for the vehicle body,

fins and motors.

Transportation is accomplished by highway truck and trailer. A lowboy

trailer is provided for the vehicle body. Fins_ motors, and other small eqoip-

merit are transported by van truck. Ground support handling and storage equipment

such as the laoncher and support and handling cradles for the body sections,

motors, and fins must be transported.
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14-6

i4-7

L_LTNCH VEH!CT_E SYSTEMS

STRtTC,_ITRAL SYSTEM

General - The vehicle airfr&me ccnsists cf a cylindrical u7p_.r ifore_ody)

and a lower (afterbody) shell and four fixed :fir_s_ The fcrebody i_ _pproxim_tely

19 :feet long, extending from Vehicle Station 0.O at the p_.,yload interface to

rehicle Station 227.0 at the afterbody assembly splice; the af_e_b£dy is approxi-

mately iO feet long, extending from the \i-e_icle St_._,tic_2'27,,0 sy_._ce to .,'ehic__.

Station 3_0.0 at the vehicle base. Both bedy section,'-,are L54_0 _nehes in dia-

meter° The four fins, each 50 square feet it, are_,, are bu!ted t__ the body _,t

Tehicle Stations 278.$0 and 348,025, and e_tend from _ehic)._ _£t_t_c_r__6_2_7 tc

Vehicle Station 399.322. The ie_diag edges of the f_n_ _,re _e_t b=_ _ L5 d_gr_es

with reference to the body centeriine° See Figur_ !4-£; £cr _r _×_.IcJ=-d vi_'_ <f

the launch vehicle°

Description- Both body shel.is are of _em_-m_n_-?c£ue eon_tru-t_:n %n_ _re

fabricated from truncated fcrm corr_s_tea, sheets :_t:_biiized t¥ r_ng f:rs_mes, _

l_rge built-up bulkhead, at Vehicle Station i}.47.0 is the m_in stru,ttur_.i, member

cf the vebicleo This bulkhead is essentiai.._y a py:r_mid type- stzu:tur_ syprc×i-

m_tely 2i inches thick at the periphery and 60 inches thi-:_ _t th_ !_nt_r, q:.d

_on_i.sts of rocket motor housing tubes, u_per .%nl lower f%q,e pi--_te_, _yi._nAri:_i

interconnected members, launcher fittings _nd fi_ att,_chment fittings _-b_ dee_

o_ter band. assists in distributing the load uniformly t_: the skin,

Cther major load-introducti_,n buikheo_d._ are _t 7ehi-£e :_t._,-,ns i_._75 and

278.80. _.he bulkhead, at Vehicle Station _4.75 provid._-s s_d_ supp.:_.t :frcm the

!a.u:r_cherand lateral support for the upper end of the sust:_,ining m(:tcrs_ i:he

7ehicie Station 278,80 bulkhead reacts to fin fo:_rard att_c_m_ent fitti__g l<-_dso

/-_%ruztura,l rings are used. at the Uehie!e Station 0_0 interfac_ :_d at %he 7ehic!e
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Station 227.0 assembly splice. Hat section fr_es in the forebody are spaced

between, the two main bulkheads at 20-inch increments; in the afterbc@y theee

frames are spaced at l!-inch increments°

_.,_terb_._, two ex-(<ix external T-section longercns _J_e.sp<ced around the "_ _-_v

tending from approximately Vehicle Station 227o0. to the vehi__':__ba__._ m<d four

extending from approximately Vehicle Station 279o13 to the ba_e_ The twc longer

longerons, 119.9 inches in length_ are located irJ _.uadra_ts _.... a_rd. ....._._proxi-

. _ _ ' _ 60.d_greemately _0 degrees from the s uadrant ii!-rJ juncture, _e_u._t_ng in ._

separation. The four shorter longerons, 69.2 inches i.n length, are ._ced at

60-degree intervals around the remaining portion of the vehicle p,_-,_me+er_

'#eThree access doors approximately 14 X _2 inches in si_e _.,'e]:c-_ d just

below the Vehicle Station 0o0 interface tc permit ac.ces_ t.o t_te _!_-.trice] _Lui.p.-.

ment after the payload has been mounted° The ceuterline cf d(<r _._• 1 is _0

degrees counterclockwise from the juncture of _u_dr_n..-_ T- _n9 i_l; _.,-_:._'._Nc 2

und 3 are sp_ced e tually around the boiy from dc('r Nc L, Tbe " "_ _

ment is located in the free space between Vehicle <; _+" <- ,, . _ " -

of the sustaining rocket motors.

Am,_,,air conditioning hatch above the :_elnic,!e S%a+icn .{k7,_0 bu2khegd, a)_lcws

%tt.sc_ment of ducts from the servi?e structure _ir roniiticning un_%o ir_}sure

.......... k , t. _so:sis are installed at the lower ends cf the r<<.ket m,-to_ _t the tL:r,_st _ i- .

The fins are a monospar structure, with the s£in beir-g st_biiize_ by the

forward support. The skins are :_iso su_pcrted by cb<_rdwise stiffeners and rlbs_

Three bolts connect each fin to the body - two <<t the r_r :p_r e-_i _._= bt _he

forward stub sper. The forward attachment f!ttin_ r_._tts to. _b_r f'r_m _ p<r-

tion of the torsional load, and the rear fiT.tin_,, react s_%o _h_e-_'.o_:_r__ snd :fin

bendingo

15 - 8 -- - _lr.i [ _ .... i. f .



14-8 PROPULSION SYSTEM

General - The propulsion system for the Little Joe II Launch Vehicle con-

sists of seven Algol ID, Mod i rocket motors, or a combination of Algol ID, Mod i

and Recruit XMI9, Mod IB rocket motors. The Algol rocket motors are the sustain-

ing motors which provide the primary source of thrust, while the Recruit rocket

motors are booster motors which provide a source of short duration, high thrust

to supplement the sustaining motors at launch. The exact number and combination

of motors depend on power requirements for a particular flight.

The motors are bolted to retaining rings in the thrust bulkhead of the

vehicle afterbody; adapters are required for attaching the Recruit motors and

nozzles to the rings. The bulkhead at Vehicle Station 34.75 of the forebody pro-

vides lateral support for the Algol motors; there are no support provisions for

the forward end of the Recruit motors.

Algol Rocket Motors

Characteristics - The Algol ID, Mod i rocket motor is manufactured by

Aerojet-General Corporation, Sacramento, California. The motor is a solid pro-

pellant rocket rated at 103,200 pounds average thrust at sea level, firing at

70 degrees F nominal propellant grain temperature.

The over-all length of the motor (including nozzle) is approximately 351

inches; the diameter is approximately 40 inches. The motor weighs approximately

22,100 pounds loaded and 3000 pounds expended.

The longitudinal location of the center of gravity of the motor, as measured

from the forward face of the forward skirt, with the nozzle in the null position,

is approximately 163 inches loaded and 214 inches expended. The radial location

of the center of gravity of the motor may vary from the vertical centerline of the

motor chamber by approximately 0.3 inches loaded and 0.5 inches expended.
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Components - The propellant is ANP-2639 AF. Environmental exposure is

limited to 50 to 90 degrees F.

The motor chamber is a cylindrical section with fore and aft closures

that maintain its integrity when subjected to internal pressures and thrust loads.

Bosses are included in the fore and aft closures for mounting the ignition system

and nozzle assembly, respectively.

The nozzle has an expansion ratio of 4.63:1. The nozzle is adjustable so

that the centerline of the throat and expansion cone can be varied in only one

plane from minus one to plus 14 degrees from the centerline of the motor. The ad-

justment locks in the required position and is adjustable on the ground only.

The ignition system ignites the grain in a reproducible fashion to 90 per-

cent nominal chamber pressure within about 0.155 second and is initiated by an

electrical signal. The current is approximately 5.0 (_0.5) amperes at about

2s.o (t2.o)  olts pc.

The command destruct system destroys the pressure integrity of the motor

chamber by external rupturing of the motor chamber dome around its perimeter°

Weather seals are installed in the igniter boss and the nozzle to restrict

passage of vapor, dust, dirt_ or foreign objects during shipment and storage. An

adequate amount of desiccant material is placed inside the motor when both seals

are in position, to maintain the relative humidity at 45 percent or less at 70

degrees F. The seal attached to the nozzle is a combination blast/weather seal

fabricated from approximately 0.25 inch thick nitrile rubber and it withstands

50 psi internal motor pressure° Except for inspections, the seal remains in the

installed position at all times; the seal blows off upon motor ignition. In the

case of staged motors, the seal also provides base heating protection to prevent

the exhaust of other ignited motors from contacting the propellant grain.

14-i0



The nozzle boot protects the nozzle componentsfrom the effects of base

heating. The boot attaches to the thrust bulkhead, providing continuity of the

bulkhead ins,1!ation. The boot is fabricated from about 0.20-inch thick nitrile

rubber which provides thermal protection by ablating approximately O.084 inch

within 132 seconds.

Four thermocouples, two inside and two outside the motor chamber, measure

the propellant grain temperature differential. The le ads from the thermocouples

attach to a junction box affixed to the nozzle flange.

Recruit Rocket Motors

Characteristics - The Recruit XMI9, Mod IB rocket motor is manufactured by

Thiokol Chemical Corporation, Elkton, Maryland. The motor is a solid propellant

rocket rated at 34,460 pounds average thrust at sea level, firing at 70 degrees F

nominal grain temperature.

The overall length of the motor (including straight nozzle) is approxi-

mately I01 inches; the diameter is approximately nine inches. The motor weighs

approximately 352 pounds loaded and 82 pounds expended.

The longitudinal location of the center of gravity of the motor, as

measured from aft end of the straight nozzle, is approximately 48 inches loaded

and 54 inches expended.

Components - The propellant grain has a density of 0.063 pounds per cubic

inch, and resembles hard rubber in appearance. The web (burning surface) of the

solid propellant has a five-point star internal configuration.

The propellant chamber is a cylindrical section with forward and aft closures.

Bosses are included in both closures. The boss in the forward closure is sealed

with a plate; the boss in the aft closure accommodates the nozzle assembly.

-00 ...... _- ' ,. 14-11



Whena motor is mounted in one of the outer motor positions of the vehicle

afterbody, a canting adapter is installed in the aft closure and the nozzle is

attached to the adapter. Whena motor is mounted in the center motor position

of the vehicle afterbody, only the nozzle is installed in the aft closure of the

motor chamber, as a cant angle is not required.

The igniter is installed through the motor nozzle with lead wires entering

through the nozzle. The igniter consists of two squibs connected in parallel

within the unit. Each squib has a resistance of about 0.75 ohmsminimumand

1.20 ohmsmaximum.

Motor Arrangement and Firing Sequence - The exact number and combination

of Algol and Recruit motors, and the motor firing sequence, depends on power re-

quirements for a particular flight. Figure 14-4 shows the motor arrangement and

firing sequence for two types of flight tests.

The ignition circuitry has one of two configurations, one-stage firing or

two-stage firing, depending on flight requirements for the particular mission°

In one-stage firing, all motors ignite 15 (50.5) seconds after the ignition timer

receives the start signal. In two-stage firing, all first stage motors ignite

15 (+0.5)_ seconds after the ignition timer receives the start signal. All second

stage motors ignite within 42 (_0.5) seconds after first stage ignition. The

first stage motors use the external (blockhouse) electrical power source for

ignition; all second stage motors use the vehicle primary electrical power source

for ignition.

14-9 COMMAND DESTRUCT SYSTEM

General - A block diagram of the system is shown on Figure 14-5. The

command destruct system receives radio command signals, generated by AN/FRW-2

UHF ground transmitters, and produces output signals to accomplish payload abort
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and to terminate thrust of the rocket motors. The system consists of three

antennae, an antenna coupler_ a command receiver, two batteries for receiver and

destruct power supply, a power, arming, and signal control unit, and a destructor

unit; all equipment except the antennae_ antenna coupler, and power, arming and

signal control unit is government furnished. The system also includes the neces-

sary transducers and circuitry to measure the received signal strength and destruct

voltage for telemetering purposes. The three antennae are equi-spaced around the

circumference of the vehicle forebody at Station 87.75. All three are matched

to the command receiver by the antenna coupler. Each antenna is capable of re-

ceiving a command destruct signal of 409 mc frequency and transmitting it to the

receiver.

Performance

Input Signal Characteristics - The system responds to command signals

generated by the ground transmitters, that have the following characteristics:

a. Carrier frequencies: adjustable from 406 mc to 420 mc in one

megacycle steps.

b. Carrier frequency tolerance: 50.013 percent.

c. Carrier signal strength: between 950 microvolts per meter and

65 volts per meter.

d. Modulation: FM

e. Modulation deviation: 60 kc, _i0 percent peak deviation, for

any number of tones. Two equal deviation modulating tones of

frequencies.

f. Coding sequence: to be determined by WSMR

g. Equality of modulating tone deviations: _i0 percent

h. Tone frequency tolerances: _i.0 percent

Q
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Output - Upon receipt of an input signal, the system responds with the

following outputs:

a. A dual contact to the North American Aviation (NAA) abort

system closes to initiate payload abort within 200 milliseconds

after receipt of the destruct signal.

b. A 2-ampere current to the destructor unit ignites the prima-

cord train. The firing of the primacord train is produced in

not less than 3-0 nor more than 3-5 seconds after payload abort.

Arming - All arming and disarming operations are actuated by voltages

between 22 and 30 volts DC at currents less than one ampere; the system is not

armed prior to launch except for test purposes. The system is monitored by SAFE

and ARM indicating lights located on the test console. Each destructor unit in-

corporates provisions for placing it in the safe condition to prevent accidental

firing of the destruct charges.

14-10 MEASUREMENT SYST_4

General - The measurement system senses vehicle flight characteristics and

converts this information for transmission to ground receivers via the Command

Module telemetry system. The system consists of transducers_ signal amplifiers

and attenuators, signal calibrators, a 28-volt DC battery, voltage regulator, and

a NASA-furnished 90-channel, i0 sample per second commutator for sampling various

transducer signals. Five basic characteristics of the vehicle detected and meas-

ured by the system during flight are: acceleration (forces), vehicle and com-

ponents temperatures, vehicle and motor pressures, system voltages, and vehicle

body strain.
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Acceleration Measurements - Acceleration forces are obtained from eight

accelerometers, four of which are installed in pairs in two opposing fins, Two

transverse accelerometers are installed on e_ch end of the vehicle body, The fin

accelercmeters measure the velocity of fin flutter and the transverse accelero-

meters measure acceleration along the transverse axes.

Temperature Measurements - The signals are received from one calorimeter

and approximately fifteen sensors which indicate temperatures at various locations

on the vehicle. The calorimeter indicates absorbed or evolved heat at the base of

the vehicle. The temperature sensors monitor the following: structural tempera-

tures at the base of the vehicle, rear surface temperature of the vehicle fins,

electronic equipment box temperature, vehicle internal air temperature, electronics

compartment air temperature_ and rocket motor temperature.

Pressure Measurements - Pressure sensors measure vehicle internal pressure_

pressures at various points on the base of the vehicle, and the Algol motor chamber

internal pressures.

Voltage Measurements - Sensors provide voltage readings of the 28-volt DC

battery and the regulated power supply output of the measurement system, and of

the receiver automatic gain control of the command destruct system.

Strain Measurements - Four strain gage bridges provide indications of

thrust bulkhead diagonal strain° One strain gage bridge is installed on alter-

nate diagonals.

14-11 ELECTRICAL SYSTEM

General - Vehicle primary electrical power is supplied by two manually

activated silver-zinc batteries. A third battery supplies power for vehicle

, IL-17



measurementsystems only. While the vehicle is groundborne, a source of 28-volt

DCpower is applied to the vehicle from the blockhouse via the umbilical. Switches,

indicating lights and other electrical devices necessary for control and regula-

tion of the power system are located in the control and test consoles in the block-

house.

Batteries - The two batteries used in the vehicle primary electrical power

system are 28-volt, i0 ampere-hour, silver-zinc batteries. They are connected in

parallel to assure a highly reliable, redundant power source. Interaction between

the two batteries is prevented by battery output diodes. One 28-volt, five ampere-

hour, silver-zinc battery is used to supply electrical power for the measurement

system equipment. Each battery contains 19 cells with removable silver-plated

intercell connectors and 15 encased in stainless steel. Batteries are stored in

a dry, uncharged condition.

Volta ge Indication and Measurement - A voltage sensor connected to each

battery indicates that the battery voltage is within specified limits. A set of

"normally-open" contacts connected in series with an indicator light on the test

console in the blockhouse energize when the battery voltage is within limits.

Battery voltage to the sensors is controlled by a relay mounted adjacent to the

sensors and a switch on the test console. A selector switch and voltmeter, mounted

on the console panel are used to determine actual voltage of each battery.

Voltag e Regulation - A dc-to-dc converter is used for voltage regulation

of the measurement-system power. The converter has input of 24 to 35.3 volts and

an output of 28 (_0.i) volts at five amperes. Input is provided by the 28-volt

measurement-system power source or by the external 21 to 29-volt DC power source.
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Power Changeover - A motor-driven power changeover switch_ mounted with-

in the vehicle, transfers the vehicle electrical loads from the external power

source (blockhouse) to the vehicle power sources. Switch contacts are the "make-

before-break" type to prevent interruption in the power system during changeover.

The switch is controlled from the console panel in the blockhouse and lights on

the console panel indicate the position of the switch.

Umbilical Power Disconnects Umbilical power connections are used for the

monitoring_ control and power circuits entering the vehicle The disconnect

receptacles are located, at the base of the vehicle a_ the _uadrant I and !I j_c-

ture, as shown on Figure IL-6. Expendable jumper cables connect to the breakaway

disconnect and terminate in a junction box which is mounted between the two

launcher pad tripods mcst adjacent to the mast.

14-12 ATTITL_E CONTROL SYSTEM

(To be supplied)

_ _Tv vEHIcLE14-13 ASo_ .... PROCEDURE FOR LAt_CH _"

14-14 GENERAL

Preparation for installation of the vehicle includes a condition and align-

ment check of the launcher and azimuth tracks_ using a transit and. protractors_

After the first mission the check includes a visual and transit check of the

launcher assembly for heat warpage and other dmmage. As shown on Figure 14-7,

the outer track extends far enough beyond the 45 degree azimuth angle to allow

rotation of the launcher to align with the service structure; the inner track

describes a complete circle° The launcher is rotated so that the support plat-

form centerline bisects the service structure. The support platform is leveled

and the removable work platform grating is installed over the pivot frame to

_ ......_TmTAT 14--19
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provide access to the lower side of the vehicle and to the motors. A basic

aligmnent check kit is used to check the level of the launcher support plat-

form, pads and pins.

The vehicle is built up on the launcher in the following sequence:

afterbody, rocket motors, forebody and fins. The payload may be installed

before or after the fins are installed. When installation is complete, the

Algol rocket motor nozzles are adjusted to the required cant angle. The Recruit

motors and nozzles are assembled on an adapter plate before installation in the

vehicle afterbody.

To prevent excessive changes in motor grain temperature, the rocket motors

are not removed from the controlled temperature storage area until the afterbody

is installed on the launcher. In the vehicle, optimum motor grain temperature is

maintained by the air conditioning unit and the weather shield.

In preparation for installation on the launcher, the vehicle forebody and

afterbody assembly are removed from the lowboy transport trailer, or from the

storage cradle, and raised to the vertical position. The two sections are sepa-

rated and the forebody is placed on a mating stand and moved into the assembly

building for spacecraft interface checks. The afterbody is loaded vertically on-

to a truck for transport to the launch site. A vehicle aft sling is used in con-

junction with the vehicle hoisting sling to raise the aft assembly to the vertical

position: only the hn_+._n_ _I_ _o ...._ _ _-_ ............

after they are in the vertical position.

The fins are removed from the transport van or from the storage area and

installed on individual work stands, which hold the fins for instrument changes,

repairs, and later for installation and work on the attitude control system com-

ponents. The stands can also be used to transport the fins from one area to

another.
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14-15 AFTERBODY INSTALLATION

Using the alignment check kit, the pads and pins are raised or lowered

on their screwthreads to support the vehicle in a level position and to equally

distribute the load. The pin on the swivel plate is pivoted to the correct posi-

tion at this time.

With the hoisting sling the afterbody is lifted over the launcher support

platform by the service structure crane. It is rotated and lowered to rest on

the platform pads and pins. See Figure 14-2 for vehicle quadrant layout. The

vehicle umbilical connections are mated at the lower side of the body.

O

14-16 MOTOR INSTALLATION

General - After the vehicle afterbody installation has been completed, the

rocket motors are removed from the controlled temperature storage area and pre-

pared for installation. Some missions require a combination of Algol (sustaining)

and Recruit (booster) rocket motors, and when a combination is required, the Recz'_t

motors are installed first, to preclude interference from the larger Algol motors.

Recruit Motor Installation - The Recruit motors require special mounting

mud nozzle canting adapters for installation in any of the outer motor positions.

Assen_ly adapters are shown on Figure 14-8. The mounting adapter is placed in

position on the Recruit motor assembly stand. A two-cable sling and overhead

hoist are used to remove the motor from the support cradle and place it in the

vertical position on the mounting adapter. Index marks are added to motor and

nozzle canting adapter d;uring a trial mating. With the index mark on the motor

aligned with the index at the hole in the mounting adapter, the two are mated and

fastened with cap screws. In installing the canting adapter and nozzle, the

index mark on the canting adapter must also align with the index at the hole in

the mounting adapter to ensure correct nozzle position. The entire assembly is

14-24 .FS, _ ---



RECRUIT MOTOR

SINGLE- klOTOR

MOUNT ADAPTER

_...-__

F_j_ure

HOIST ADAPTER

(3-MOTOR) J

%
R[CRU|T MOTOR 131

TSOI.T (6)

_J
1

I

MULTI.k'OT_OR _ '_ "_NOZZLE ($)
MOUNT ADAPTER

O

MOUk'r
ADA_rEm

INSTALLATION /

f_,N, :_Kk-W (8) _/_--"

ibf-8, Recruit Motor Assemb_l_- Deta:L_s

f

f-

./
\



AN1 _ :_

hoisted over the afterbody and lowered onto the thrust ring and motor mounting

flange. With the mounting adapter and thrust ring index holes aligned, the mount-

ing adapter is bolted to the retaining ring.

Another special mounting adapter is required for installing three Recruit

motors in the center motor position of the afterbody. The procedure for attach-

ment of the motors is the same as described for single motor except that a special

nozzle canting adapter is not used. Installation in the afterbody requires a

special hoist adapter_ which is attached to all three motors.

Algol Motor Installation - With the motor on the storage dolly, the ship-

ping end rings are removed from both motor thrust skirts and the erection rings

are bolted to the skirts. Using a two-cable sling, spreader bar and an overhead

hoist, the motor is transferred to the transport/erection dolly for assembly and

transport to the launch area. As shown on Figure 14-9, the service structure

crane raises the motor to the vertical position, with the aft erection ring axles

pivoting on the pillow blocks of the dolly. After removal of the aft erection

ring, the motor is hoisted over and into the vehicle afterbody, then lowered onto

the thrust retaining ring. With the motor aft thrust skirt and thrust retaining

ring index holes aligned, the motor is secured with cap screws. The forward

erection ring is removed from the motor before installation of the forebody.

14-17 FOREBODY INSTALLATION

Installation of the forebody consists mainly of mating it with the after-

body, attaching the mast-mounted support arms to the vehicle rise-off hooks,

adjusting the motor support pads at Vehicle Station 34.75 against the Algol

motors, and installing the various access doors. The hoisting sling attachment

is the same for both the forebody and afterbody.
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After the forebody is checked for interface mating with the spacecraft

Service Module in the assembly building, it is transported to the launch site in

the vertical position. The service structure crane is used to lift the forebody

during installation. Before lowering into position on the afterbody, the fore-

body is rotated to place the support hooks at Vehicle Station 34.75 in line with

the associated support arms on the mast. When lowered, care is taken to avoid

contacting the Algol motors with the bulkhead motor support frames at Station

_o75o Dowel pins around the mating ring of the afterbody aid in aligning the

bolt holes of the two mating rings.

When the bodies are properly mated, the mast-mounted support arms and the

vehicle rise-off hooks at Vehicle Station 34.75 are in position to be connected.

The arms are adjustable to accommodate manufacturing tolerances in the launcher

_nd launch vehicle. The hooks are engaged at the support-arm roller fittings by

depressing the ends of the arms and moving them forward and then upward into the

hooks_ At the same time, the spring-loaded switch trigger rods in the bores of

Lhe arms are retracted against their springs and released to bear against the

,uter edges of the hooks. After engagement, the arm fittings are adjusted to

m_e a snug but non-binding fit in the hooks.

A brace assembly mounted between the support arms and secured to the mast

_rotects the arms in the face of 60 to 80 mph winds and in the event of a rigging

-_:cident or bump. Compression clamps are now installed on the arms, at the sup-

pc.rt trunnions, but are removed before launching. The actuating Cylinder for the

upport arms is charged with nitrogen a maximum of 12 hours before launch°

Serrated and slotted plates are used to adjust the support p_ds against

the motors, three pads for the center motor, and four each for the outer motors.

7.he three pads for the center motor are mounted on the motor support frame of

the Vehicle Station 34.75 bulkhead, and the two inner pads for the outside motors

o
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are mounted on half-frames. All frames are supported by six spokes radiating from

the center motor support to the outer shell structure. The two outer pads for the

outside motors are mounted on lateral bipod angles radiating at an angle to the

spokes, on the horizontal plane, and. attached at the juncture of the spokes and shell

structure. Access doors are located, at every other spoke.

14-18 FIN INSTALLA_TION

Each fin is attached to the afterbody at three points, one at the forward

end. and two at the aft end. The attachment bolts have a tolerance that provides

a light drive fit which must be preserved, They are installed, and removed with a

fin pin tool that incorporates a sliding hammer. That portion of the bolt that

e_tends past the fin attachment fittings is tapered and has a reduced diameter

and shoulder at the threaded end. The fin pin tool is screwed onto the threaded

end of the bolts for their installation and removal as shown on Figure 14-10o

The four cables of the fin sling are attached to matching plates on the

fin; turnbuckles on each cable are used to make minor attitude adjustments when

the fin attachment bolts are being installed. A small hoist on tracks on the bottom

of the service structure level and above the fin attachment points is used for in-

stalling the fins. The alignment check kit is used to check vertical alignment

of the fins.

14_19 PAYLOAD INSTALLATION

The service structure crane is used to lower the Service Module onto the

frame of the forebody interfacing the vehicle at Station 0.0. As it is lowered,

the Service Mod.ule is rotated to the correct position to mate with locating pins.

The mating rings are then bolted together. Access is gained through openings on

the perimeter at Vehicle Station 0.0. The spacecraft contractor accomplishes in-

stallation of the payload and its instrumentation.
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14- 20 LAUNCHER

14-21 GENERAL

The launcher is shown on Figure 14-11. The launcher is a fabricated steel

structure using heavy l-beams for the main supports. Components include a pivot

frame mounted on double-flange, crane-type trucks for rotation to required azimuth

positions, a support platform incorporating pads and pins for vehicle support,

screwjacks for tilting the support platform to required elevation angles, and a

launcher mast. The mast, attached to the support platform, incorporates two

stabilizing support arms for the vehicle and a support arm for the payload um-

bilical harness. Two A-frames attach to the pivot frame and support the platform

hinge points. The launcher is remotely adjustable for elevation and azimuth

positions with angles being held within about -+ 1/4 degree and + i/2 degree respec-

tively. Adjustments may be made for launchings at angles -+45 degrees from some

nominal direction.

14-22 UMBILICAL ARM

The support arm for the payload umbilical harness is hinge-mounted on the

top of the mast. The arm is welded 3 inch outside diameter steel pipe approxi-

mately i0 feet long. One electrical plug mates with a receptacle in the space-

craft Service Module. Three 70-floot long umbilical cables are routed from the

plug to a junction box on the launcb_ .........A _+ .............o_-_ _j_ __s _ne um-

bilical arm and harness through a 20 degree arc away from the payload five seconds

before launch.

14-23 SUPPORT ARMS

Two support arms, one mounted on each sid_ of the mast and attached to

associated hooks on the forebody of the launch vehicle at Station 34.75 support
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the vehicle at prescribed angles of inclination when the support platform tilts

to the required elevation angle. Each of the arms is supported on the mast by

two ball type bushings. The supports for the rear bushings include provisions

for adjusting the arms in three planes by pivoting on forward bushing trunnions°

The rear ends of the arms connect to a singletree which pivots on the rod end of

a nitrogen-charged actuating cylinder; the other end of the cylinder is attached

to a crossbrace on the mast.

When the vehicle has risen from the support platform two and one-quarter

inches the hooks are carried off of the arm ends. This allows a rod in the bore

of each arm to spring to a position that triggers an actuating switch located in

the rear bushing of each arm. Both switches operate at approximately the same

time to route electrical power to the control valve solenoid mounted on the nitro-

gen cylinder. The cylinder retracts the arms away from the vehicle a minimum of

i0 inches in approximately 0.6 seconds. The closing of either switch completes

the circuit to the solenoid on the actuating cylinder.

14-24 ARM ACTUATING CYLINDERS

Each of the actuating cylinders for the payload umbilical harness arm and

the two vehicle support arms are self-contained. When the attached control valve

on each cylinder is opened, nitrogen stored on the rod side is routed through

tubing to the other side of the piston. The disparity in piston area at equalized

pressure causes piston actuation.

Approximate characteristics are as follows: the cylinders have a 25.25

inch stroke and an operating pressure of 600 to 680 psig; the retracted length

is 36.50 inches; the extended length 61.75 inches; an internal snubber with a

0.5-inch stroke at the last increment of piston travel protects the piston from

bottoming in the cylinder.
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¸i.4-25MAST

The structure is seven feet square at the base and. tapers to four feet

square at the 30-foot level. A safety cage ladder extends from the base to a

five-foot square work platform approximately midway up the mast. The mast is

mounted on one end of the launcher support platform in a position opposite the

elevation angle hinge-points. A blast shield protects the support arm assembly

ir_staiied on the mast at the level opposite Vehicle Station 34.75.

14- 26 SLrPPORT PLATFORM

Tke support platform measures approximately 13 by 25 feet. and is fabri-

ea+.ed from i-beams and supporting cross mem-bers. The platform hinges mounted

o::_t._:eA-frames provide an axis for acquiring elevation angle when the two screw-

jacks ";.etweer,the platform and the pivot f_rame tilt the platform. At_ elevation

protraetsr is installed on one side of one of the A-frame 1-beams. As the sup-

p::.r%platform is elevated, the pitch angle is read on the protractor at the pok_t

,pp .s:Lt.ethe lower edge of the platform I-beam.

Eke steel hinge pins at the elevation axis hinges are 6 by 12 ir:ch cold

r .iLcd sKaft:ing. The pins at the attachment of the screwjacks to the platform

s-d a,t._ke pivot frame are cold rolled steel aL_d are 3 by 7 inches.

'i:kree pads and three pins, mounted on bipods and tripods, s_pport the

_:..........._._:r:,__ platform. Two of the pins are fixed, while the third is mou_ted

•::.a swivel plate. The fixed pins mate with slots in the vehicle a:,_dare in

a-.ear wl_.e:_the vehicle is tilted on the pitch axis. The pin or the swivel plate

_r,a_.esw:itk a receptacle in the vehicle and is in shear across ti__eyaw axis. q%.e

t!-ree pads, a_ud the two support arms at Vehicle Station 34.75 of tD_e forelody,

c..:'mpriset.he balance of the vehicle support points.
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14-27 PIVOT FRAME

The pivot frame, supported at four corners by two-wheel trucks, is the

base assembly of the launcher. The frame is a structural steel rectangle ap-

proximately 19 by 23 feet. The azimuth pivot receptacle is located at the

midpoint on one end of the frame below the mast. A bronze bushing in the recep-

tacle mates with a pin and plate assembly attached to the concrete launch pad.

A Selsyn motor connected to the azimuth pivot relays a signal to the blockhouse

for azimuth position information. A-frames constructed from steel 1-beams sup-

port the platform hinges at an elevated position.

14-28 ELEVATION CONTROL SCREWJACKS

The two screwjacks are hinge-mounted between the horizontal members of

the support platform and the pivot frame, immediately below the mast and opposite

the elevation axis hinge points. A 20-horsepower electric motor to drive the

screwjacks is supported between the jack housings by the power transfer shaft

housing. The motor assembly incorporates a bi-rotational locking mechanism and

a magnetic disc brake. The screwjacks are i00 inches long when fully retracted

and 159.68 inches long when fully extended. The screwjacks and motor are pro-

tected during launch by a steel blast shield of i/4-inch plate covering an area

of 60 square feet.

] )J_O_ A_TrrrLT m_TT_Tr_

The basic frames of the trucks are steel and each unit has two double-

flange cast steel wheels 24 inches in diameter. The wheel centers are approxi-

mately three feet apart, and the approximate height of each truck is 29 inches.

The four trucks roll on two tracks to rotate the launcher around the azimuth

pivot to the required azimuth position. Each of the two,guter trucks are powered

by an internally mounted 3-horsepower electric motor.

ing protects the actuating assemblies during launch.

Steel plate blast shield-
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14-30 AZIMUTHTRACKS

_ne inner azimuth track is i00 feet long and completes a circle with a

radius of i0 feet I0 inches, with the azimuth pivot in the center. The outer

track is 135 feet long and forms a semi-circle with a radius of 25 feet 7 inches.

The 45-degree nominal azimuth point approximately bisects the 135-foot length of

the outer track. Thus, there is sufficient track extending past the 45-degree

azimuth point allowing rotation of the launcher to obtain proper relationship

with the service structure; a sufficient, though shorter, length of track extends

past the nominal 315-degree azimuth to allow overrun of the launcher in the other

direction during azimuth positioning.

14-31 GROUND SUPPORT EQUIPMENT, LIT]]LE JOE II

14-32 FOREBODY MATING STAND

The mating stand supports the bottom flange of the forebody at the Sta-

tior 227.0 during shop mating of the payload adapter to check interface tolerances.

The eight inch l-beam structure of the stand forms a square of fifteen feet and

addi%ion of brace members of the same material across each corner results in an

,octagonal shape inside the square. Leveling jacks and large casters are installed

irslde each of the four corners, and lugs welded to each of the octagon sides

exte_d inward to serve as mounts for the forebody flange. This structure places

<_he forebody close to the floor, with a total height of 19 feet 6 inches, to allow

passage through the doorway of the assembly building. The forebody is left on

the stand until time of installation on the launcher.

14-33
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drive the bolts, which have a light force fit.
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FIN PIN TOOL

The fin pin tool is used for inserting and removing the fin attachment

A sliding weight on the shaft of the tool is used as a hammer to pull-
h

When a bolt is to be inserted,



a boss on the end of the pin tool is thrust into the attachment fitting bolt

hole, the fin bolt is screwed into the end of the tool boss, and the tool draws

the bolt into position in the fin attachment fittings. To remove a bolt, the

tool boss is screwed onto the bolt and the tool drives the bolt, the boss of the

tool following into the attachment fitting hole as the bolt is movedout. The

bolt is then unscrewed from the tool boss and the tool is withdrawn.

14-34 COMMANDDESTRUCTSYSTEMTESTSET

This government-furnished unit is used to determine that the destruct

system is functioning properly during checkout_ under the environmental condi-

tions at the launch site. The test set controls the inyut signal to the destruct

co_and receivers with respect to signal strength, frequency, coding and modu-

lation deviation. It monitors destruct system commands,voltages and other con-

ditions. Destruct system operation is checked in these three ways:

a. Capability check of the destruct system to receive and properly

operate with correctly coded signal: indication that the de-

struct receivers are operating; indication that the payload

received an abort signal; and indication that a usable voltage

was received at the destructor.

b. Capability check of the destruct system to reject an incor-

rectly coded signal: indication that the destruct receivers

are operating and indication that no signal was sent to the

payload abort or launch vehicle destructor.

c. Check for remote operation of the SAFE-ARMfunctions. The

unit indicates at all times whether the destruct system is in

the SAFEor ARMcondition and whether the destruct system is

operating from internal or external electrical power. A signal
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with the following characteristics is transmitted through coax

to the antenna coupler:

i. Carrier frequency:

2. Carrier signal strength:

3. Modulation:

4. Modulation deviation:

5. Coding:

406-420 mc

950 microvolts/meter (minimum)

FM

60 kc _i0 percent peak devia-
tion for any numberof tones

Twoequal deviation modulat-
ing tones

The test set is a "suitcase" portable type, and operates from an external

source of ll5-volt, 60 cps ac and 28-volt dc power. All inputs and outputs be-

tween the test set and the destruct system power, signal, and arm unit are 28-volt

dc (+2 volts).

14-35 LAUNCHERCONTROLUNIT

The launcher control unit provides bi-directional control of the launcher

azimuth and elevation within the limits of the positioning system. The tuuit con-

sists of push-button switches and indicator lights which are lit when electric

power is on. The unit is portable and can be operated from any position on the

launch pad within its extension cable length of approximately 50 feet.

14-36 VEHICLEAIR CONDITIONINGUNIT

The government-furnished vehicle environmental temperature control unit

provides a flow of temperature conditioned air into the propulsion compartment

of the launch vehicle. Sensing devides in ducts in the service structure ensures

that an average temperature of 70 (_5) degrees F is maintained. Control circuits

permit starting and stopping of the unit from the service structure of the block-

house; performance is monitored from the blockhouse only. The flow, pressure,

and temperature are manually variable and automatically maintained by a control
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unit. An installation set includes an inlet and outlet duct with adapters for

connection to the unit and vehicle.

14-37 WEATHER SHIELD AND CONDITIONED AIR SEAL

These are used to close and shield the open end of the afterbody and fore-

body against rain and dust during erection or maintenance of the launch vehicle.

After the forebody has been installed over the rocket motors and secured to the

afterbody, the unit retains the conditioned air until all remaining systems have

been installed and checked. The unit is conical in shape, with a base approxi-

mately 13 feet in diameter, and extends about one foot below the edge of the

vehicle body. Covering the vehicle completely, the unit is fitted snugly around

the bottom with a ptu_se-string type closure to minimize air leakage; the bottom

edge of the unit is attached to the vehicle payload attachment channel with 120

clips between skin corrugations. Additional tie-downs attach to the vehicle_

launcher or service structure for added support against wind and internal pressures.

The unit is stressed for 0.5 psi internal pressure, and 60 mph winds. A frame

retains the conical shape when the assembly is not pressurized.

14-38 TEST CONSOLE

The test console in the blockhouse monitors the vehicle systems, and in-

corporates the necessary controls for checkout and countdown. It consists of

the fnllnw_n_ _I_.

Vehicle Control Panel - This panel contains adc voltmeter, ac voltmeter,

frequency meter, selector and toggle switches, and indicator lights.

Support EQuipment Panel - The support equipment panel consists of an ele-

vation digital readout indicator, azimuth digital readout indicator, a remote

control push button, toggle switches, power-on indicator lights and adjustable

potentiometers.

D
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Console Power Panel - This panel contains toggle switches and indicator

lights.

Communication Panel - This panel contains the necessary interphone con-

trois and jacks.

Unit Connections - Connections are provided from the test console to_

t,he vehicle umbilical, the launcher positioning control system, the environmental

co_.trol _r_it, the test conductor's console, and to facility power, which is llO-

a_d 26-volt ac, 400 cps; ll0-volt ac, 60 cps; and 28-volt dc.

]4-39 BASIC ALIGNMENT CHECK KIT

This kit is used to check and level the launcher pads and pins_ and to

check the vertical alignment of the motors and fins. The kit consists of optical

telescopes for vertical and horizontal measuring, fin alignment target adapters,

msasuring scales, and support stands for the telescopes and plumb bobs.

RECRUIT MOTOR ASSEMBLY STAND

The motor assembly stand is used to prepare Recruit motors for installation

c:_ the thrust retaining rings in the vehicle afterbody. The hexagomally shaped

sua_d is constructed from standard 3-inch diameter pipe. The top of the stand

_!_x_i_@es plates for attachment of either a single- or multi-motor moumt adapter.

#!i-_machine bolts and locknuts are installed in the bottom of the stand for

ieyeli_ig.

_4-i_l OTHER TOOLS

14-L2 NOZZI_E ALIGNMENT TOOL

This tool is used to align the Algol rocket motor nozzle cant angle.

_:__it co_isists essentially of a special straightedge and a clinometer.

The



14-43 LAUNCHERINDEXPIN ALIGNMENTTOOL

The pin alignment tool is used to check launcher index pin alignment. The

unit has three liner bushings for checking the pins, and is constructed from steel

channel with pressed, hardened steel bushings.

14-44<VEHICLEVENTPLUGSTRAPS

These straps seal the vents at the upper end of the afterbody and the lower

end of the forebody.

14-45 VEHICLEBASEALGOLHOLECOVERS

The covers seal the motor holes until all motors are installed_ to aid in

preserving the motor grain temperatures in the correct range.

14-46 TARPAULINS

Government-furnished tarpaulins are used to shade the vehicle from the sun

when cooling air is being used, and are also used for shading the rocket motors

during installation.

14-47 HANDLING EQUIPMENT

14-48 VEHICLE HOISTING SLING

The hoisting sling is used alone to lift either or both vehicle bodies

in the vertical position. It is used with the aft sling to move the forebody-

afterbody assembly horizontally and to raise the assembly to the vertical posi-

tion. The hoisting sling is capable of supporting the total load of the vehicle,

less motors and fins. A spreader bar of welded tubular steel construction attaches

to the vehicle body at two points. The bar has a U-bolt welded at each end; cables

attach at each U-bolt and join in a common hoist ring. The cables are flexible

stainless steel wire rope.
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_' i_9 VEHICLE AFT SLING

_ne vehicle aft sling supports the aft end of the vehicle forebody-afterbody

asscmiLy during off-loading from the transport trailer and handling in the hori-

a 7z_-':...._position. The sling consists of a hoist ring, two flexible, stainless steel,

wl.r'_-rope cables, and two shackles• A U-bolt is welded to each shackle; the cables

at.tach to each U-bolt and the hoist ring. With the body assembly lying horizon-

taLl.y, the shackles are bolted to the uppermost of the aft attachment fittings for

fi_s -rT_ and IV when lifting the vehicle body from, or lowering onto, the transport

,..razl_r or storage cradle

in-?0 FIN SLING

_£.is sling is used for handling the fins during installation, and serves

to _La.Ke small adjustments in attitude for installation convenience. _ne sling's

1)ad capability is 750 pounds. Sling construction consists of four wire-rope

ca!ies s_spended from a ring, with each cable terminating in an attachment plate

_,,,!.L.<:}.mates with attachment fittings on the fins. A turnbuckle attached to each

<_/!,_ allows positioning of the fin for installation on the body.

i- ' _OTOR CRADLES AND DOLLIES

Recruit Motor Support Cradle - The motor support cradles for the RecruLt

":-_'s provide protection as well as support during motor checkout. Two support

p. :L:'_.s_ the unit, about 60 inches apart, can support a working load of 400

p -::__s. The support points are about six inches wide and are padded to prevent

s_8.r_,L:_.o' or scratching the motor surface•

ALgol Motor Storage Dolly - An Algol motor is transferred from the trans-

por!:/e_ection dolly to a storage dolly for movement into and support in the con-

t.r..L!ed temperature storage area. The storage cradle is constructed from steel



tubing with the cradles at each end near the motor thrust skirts. Four fixed

hard-rubber-tire wheels support the cradle. Fork lift points may also be employed.

14-52 RECRUITMOTORSLINGS

Twoslings are used for all Recruit motor handling operations, including

removal from the shipping containers. One sling is used for handling the motor

in the horizontal position and the other is used for handling the motor in the

vertical position.

Horizontal Lifting Sling - The horizontal lifting sling consists of a hoist

ring; two flexible, stainless steel, wire-rope cables; and two attachment plates.

The cables attach to each plate and join in the hoist ring. The attachment plates

bolt to the forward and aft closure plates of the motor for lifting with an over-

head hoist.

Vertical Lifting Sling - The vertical lifting sling consists of a hoist

ring; two flexible, stainless steel, wire-rope cables; and two adapters. The

cables attach to each adapter and join in the hoist ring. The adapters are bolted

180 degrees apart on the forward closure plate of the motor for lifting with an

overhead hoist.

14-53 RECRUIT MOTOR VERTICAL HOIST ADAPTER

A hoist adapter is used for liftin_ the cluster of three motors for instal-

lation in the center motor position of the vehicle afterbody. The hoist adapter

is positioned between the three motors and is attached to the forward closure plate

of each motor with two bolts. A U-bolt is welded to the top of the hoist adapter

to accommodate the service structure crane hook.
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14-54 ALGOL MOTOR TRANSPORT/ERECTION DOLLY

A dual purpose dolly serves as the primary transport for moving the Algol

rocket motors through the sequence of inspection before and after storage, check-

out, motor buildup, and erection to the vertical position for installation in the

vehicle. The dolly supports the motor in the horizontal position_ and has pivot

points for erecting the motor to the vertical position; lifting is by crane. The

unit has six pneumatic-tired wheels; the two in front are steerable and two aft

pairs are mounted in tandem. A cradle at each end of the dolly supports the motor

near its thrust skirts. Pivot points for erecting are located midway between the

tandem wheels, and are compatible with stub axles on the aft erection rings which

are bolted to the ends of the motor at the thrust skirts. The unit includes a

tow bar and brakes.

14-55 ALGOL MOTOR LIFTING EQUIPMENT

Shipping End Rings - These rings attach to the motor forward and aft thrust

skirts_ and are used for handling the motor in the horizontal position. The steel

rings are circular, washer-shaped units weighing approximately 150 pounds. An ex-

tension on the top side of each ring includes provisions for attaching the horizontal

lifting beam assembly. The shipping end rings are replaced by erection rings for

handling the motor in the vertical position.

Horizontal Lifting Beam Assembly - This assembly attaches to the shipping

end rings or erection rings for handling the motor in the horizontal position.

The assembly consists of a 30-foot long tubular beam with cables extending from

the ends to a pear-shaped link. The ends of the beam attach to the tops of the

rings with ball lock pins that pass through clevises on the beam through the holes

in the rings.
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Erection Rings - Erection rings attach to the motor forward and aft thrust

skirts for transferring the motor from the horizontal position to the vertical

position, or vice versa_ and for handling the motor in the vertical position.

Trunnions project from the forward face of the forward ring at the three and nine

o'clock positions for pin joining of the erecting sling clevises. Steel axles

project beyond the ring diameter at the three and nine o'clock positions on the

aft ring, to interface with the pillow blocks on the transport/erection dolly.

Each ring also includes provisions on the top side for attaching the horizontal

lifting beam assembly.

Erecting Sling - This sling attaches to the trunnions on the forward face

of the forward erection ring for handling the motor in the vertical position.

The sling consists of a five-foot long, welded steel, box structure with steel

cables extending from each end. A clevis at the end of each cable allows for pin

attachment to the forward erection ring trunnions. A steel eye is located in

the center of the box structure for attachment of the hydra-set hook.

Hydra-Set - A hydra-set is installed between the service structure crane

hook and the motor lifting equipment, the horizontal lifting beam or erecting

sling, to permit raising and lowering the motor in small increments with preci-

sion control. The hydra-set consists of a case with a lifting eye on top, and

an internal h_draulicallv-controlled oiston: a liftin_ hook is attached to the

lower side of the piston. Valves, mounted on the case, control the position of

the piston. The unit is approximately 54 inches long with the piston fully ex-

tended and 42 inches long with the piston fully retracted.

14-56 VEHICLE STORAGE CRADLE

The storage cradle supports the launch vehicle body in the horizontal

position for storage and maintenance. The cradle consists of four support posts
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on a frame. Twoof the support posts include provisions for attachment to fin

attachment fittings on the afterbody. A padded, stainless steel sling is sus-

pended between the other two posts to support the forward end of the vehicle

body.

14-57 VEHICLESTORAGECOVER

The storage cover protects the vehicle body from dust, salt air and in-

clement weather. The cover is fabricated from vinyl plastic in two halves, the

edges of which are heat-sealed together at the sides of the vehicle body. Each

cover half has sufficient material for at least three reseals.

14-58 TRANSPORTATION EQUIPMENT

The launch vehicle, handling equipment and launcher are transported from

the factory to the missile range facility via common highway truck transports,

operating under wide-load restrictions.

The test vehicle and launcher are dismantled to facilitate shipment.

Transport equipment consists of standard flat bed, low-boy, and closed van semi-

trailers. Protective coatings, wrappings, cradles and crates protect the vehicle

body and components of the launcher, actuating mechanisms, motors, controllers

and similar items from damage during shipment.

Standard packaging and crating techniques are used for shipment of ground

handling equipment such as vehicle hoist slings, motor cradles, and various

smaller items of equipment.
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SECTIONXV

DEVELOPMENTPROGRAMDESCRIPTIONS

15-i PAD ABORT MISSIONS

15-2 MISSION OBJECTIVES

General - The pad abort tests comprise the first phase of the abort

test program, which is designed to evaluate and qualify the launch escape

system (LES) capability for safely returning the Command Module to earth from

any point in the launch sequence. The pad abort tests provide performance data

at one extreme of the launch envelope, i.e., the static condition prior to

first motion of the assembled spacecraft and launch vehicle. Two pad abort

tests are planned at WSMR and tentative launch dates are shown on Table 15-1.

The purpose of the PA-I flight test employing the BP-6 spacecraft is

to determine the stability characteristics of the Apollo escape configuration

and the operational characteristics of the escape systems during a pad abort.

The purpose of the PA-2 flight test is to determine the structural integrity

of the Command Module (AFRM-OIO), the operational characteristics of systems

and subsystems, and to demonstrate the abort and recovery sequences during a

pad abort.

PA-I Test Objectives - The objectives of the PA-I flight test are_

Primary:

a.

b,

Determine aerodynamic stability characteristics of the Apollo

escape configuration during a pad abort.

Demonstrate the capability of the escape system to propel

the Command Module to a safe distance from the launch
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vehicle during a pad abort.

c. Determine escape tower vibration during a pad abort.

d. Demonstrate the launch escape tower release mechanism.

e. Demonstrate operation of tower jettison motor.

f. Demonstrate the parachute recovery system.

Secondary:

a.

b.

Demonstrate abort and recovery timing sequence.

Determine dynamics of Command Module during Jettisoning of

the escape tower.

c. Demonstrate operation of research and development instru-

mentation and communications equipment to be used on sub-

sequent flights.

d. Demonstrate compatibility of prototype ground support equip-

ment with the Command Module.

e. Determine initial separation trajectory of the escape tower.

f. Demonstrate structural integrity of the escape tower during

a pad abort.

PA-2 Test Objectives - The objectives of the PA-2 flight test are_

P_Jmarv_

a. Demonstrate the structural integrity of the production

Command Module during a pad abort.

b. Determine the operational characteristics of subsystems

during a pad abort.

c. Demonstrate abort sequences.

d. Demonstrate recovery sequences.

e. Demonstrate the parachute recovery system.
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15-3 CONFIGURATIONS

PA-I Hardware - The PA-I flight test configuration, shown on Figure 15-i_

is the BP-6 CM, LES, and a SM structural system. The CM encompasses the

following systems:

a. Earth Landing System

i. Sequence controller

2. Drogue parachute subsystem

3. Pilot parachute subsystem

4. Main parachute subsystem

5. Forward heat shield separation subsystem

b. Electrical Power System

i. Main power batteries

2. Electrical distribution subsystem

3. CM to tower umbilicals

4. Spacecraft sequencer

5. Pyrotechnic su0system

c. Telecommunications and Instrumentation System

i. Instrumentation

d. Structural System

I. Boilerplate structure - 6

PA-2 Hardware - The PA-2 flight test configuration, shown on Figure 15-2,

is the production airframe (AFRM 010), a LES, a SM containing a structural

system, and a CM to SM separation subsystem.

ing systems:

15-4

The CM is comprised of the follow-

a. Earth Landing Systems

b. Environmental Control System

i. Pressure and temperature control
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c. Electrical Power System

i. Main power batteries

2. Static inverter

3. Electrical distribution subsystem

4. Interior illumination

5. CM to tower umbilicals

6. CM to SM umbilicals

7. Spacecraft sequencer

8. Pyrotechnic subsystem

d. Reaction Control System

e. Telecommunications and Instrumentation System

i. Instrumentation

f. Stabilization and Control System

(less visual indicator and manual controls)

g. Crew provisions

i. Crew accessories plus dummies (uninstrumented)

2. Crew couches

3. Crew restraints

h. Structural System

i. Airframe - 010

15-4 MISSION PROFILE

PA-I and PA-2 flight tests are initiated by a simulated abort signal.

The CM/LES aborts vertically from the pad and maintains a predetermined tra-

jectory using the launch escape and pitch control motors. The LES system is

jettisoned just before a i0,000 foot apogee, the forward heat shield is deployed,

and the Earth Landing System deploys the pilot, drogue and main parachutes to

effect landing of the CM.

_ _ ........ TnT -- 15-7



15-5

15-6

LITTLE JOE II MISSIONS

MISSION OBJECTIVES

General - The Little Joe II test program provides a means of accomplish-

ing early evaluation and qualification of the LES at high dynamic pressure in

the transonic speed range. The tests simulate Apollo-Saturn boost environment

without incurring the cost and schedule penalties associated with the use of

Saturn boost vehicles. Four Little Joe II launches are presently programmed

(Table 15-1) for 1963-1964 as shown in Table 15-1, and include: A Little Joe II

#l launch, vehicle qualification flight, Little Joe II #2 (Flight Test A-O01) LES

qualification at maximum "g", Little Joe II #3 (Flight Test A-O02) high alti-

tude abort, and Little Joe II #4 (Flight Test A-O03) CM structural qualification

at maximum "g".

Little Joe II-i Test Objective - This is a booster qualification flight

with dummy payload.

Little Joe 11-2 Test Objectives - The purpose of flight test A-O01 is

to demonstrate the structural integrity and operational characteristics of the

LES and determine aerodynamic stability of the escape vehicle during abort at

high dynamic pressure in the transonic speed range. The objectives of this

flight are:

15-8

Primary:

a.

b°

Demonstrate the capability of the escape system to propel

the Command Module to a predetermined distance from the

Saturn launch vehicle.

Determine aerodynamic stability characteristics of the escape

configuration for this abort condition.
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d.

e•

Secondary:

a.

b.

I

Demonstrate satisfactory structural integrity of the escape

tower.

Demonstrate the satisfactory operation of the abort and

recovery sequence.

Demonstrate proper operation of the parachute recovery system•

Demonstrate Little Joe II - spacecraft compatibility.

Determine aerodynamic loads due to fluctuating pressures

on the Command Module during a Little Joe II launch.

Little Joe 11-3 Test Objectives - The purpose of flight test A-O02 is

to determine the stability characteristics of the Apollo escape configuration

and the operational characteristics of the escape system during abort at about

180,000 feet altitude. The objectives of the flight are:

Primary:

a.

b.

C •

Determine the aerodynamic stability of characteristics of

the Command Module during a simulated abort from the

Saturn C-I launch vehicle just prior to tower jettison.

Demonstrate the capability of the launch escape system to

propel the Command Module to a safe distance from the

launch vehicle just prior to tower jettison.

Determine the capability of the reaction control system

to rate stabilize the Command Module for re-entry.

Secondary:

a. Demonstrate the Parachute Recovery System•
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Little Joe II-4 Test Objectives - The purpose of flight test A-O03 is

to demonstrate structural integrity of the production CSM and operational

characteristics of certain CM systems during an abort at high dynamic pres-

sures in the transonic speed range. The objectives of this flight are to:

Primary:

a.

b.

Secondary:

a.

b.

C.

Demonstrate structural integrity of the production Command

Module and Service Module under an abort at high dynamic

pressures in transonic speed ranges.

Determine the operational characteristics of subsystems at

the high dynamic pressure incurred by the escape configura-

tion during an abort.

Determine the dynamics of the Command Module during an abort

resulting in high dynamic pressure on the escape configura-

tion.

Demonstrate abort and recovery sequences.

Demonstrate the Parachute Recovery System.

15-7 CONFIGURATIONS

The Little Joe II general launch vehicle configuration is shown on

Figure 14-1. Specific configurations for the flight test missions are shown

on Table 15-2.

15-8 MISSION PROFILES

Mission A-001, which employs BP-12_ and mission A-O03, which employs

production airframe 002, are similar in flight profiles. The launch vehicle

follows a non-lifting trajectory to a maximum "g" condition altitude; an

i5-10
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Table 15-2 LITTLE JOE II CONFIGURATION SUMMARY

Configur at ion Mi ssion

A-001

Little Joe II Booster #i

Launch Escape System X

Service Module X

Structural System X

Separation System X

Command Module BP-12

Environmental Control System X

Pressure and Temperature Control X

Electrical Power System

Entry of Post Landing Batteries

Main Power Batteries X

Static Inverter

Electrical Distribution X

Interior lllunination

CM to Tower Umbilicals X

CM to SM Umbilicals X

SC Sequencer X

Pyrotechnic Subsystem X

Reaction Cont_ILSystem

Telecommunication and Instrumen-

tation System X

Instrumentation X

C-Band Transponder X

A-002

#3

X

X

X

X

BP-22

X

X

X

X

X

X

X

X

X

X

X

X

A-003

#4

X

X

X

X

AFP@I-00 2

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X
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Table 15-2 (Continued)

Configuration Mission

HF Recovery Transceiver

VHFRecovery Transceiver

VHF/FMTransmitter

VHF/AMTransmitter

Cameras

Stabilization and Control System

BP-12 BP-22 AFRM-002

X

X

X

X

X X

x (2) x

(i) Little Joe II #2 booster is used for the launch vehicle qualification

flight.

(2) Less visual indicator and manual controls

15-12 _--._. •.... l i_
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abort is initiated which in trajectory simulates that of the Saturn-l; the LES

is fired to separate the CM from the booster; the LES is jettisoned; and the

Earth Landing System sequence is initiated•

Mission A-O02, which employs BP-22, will demonstrate a high altitude

abort using the LES. The launch vehicle follows a controlled trajectory up

to an altitude of about 180,000 feet and a Mach Number of about 5, approxi-

mately matching a point on the Saturn-i trajectory. Abort is initiated and

the Launch Escape and Earth Landing Systems are programmed to initiate recovery.

15-9 SATURN-I MISSIONS

15-10 MISSION OBJECTIVES

Five Apollo Saturn-i unmanned missions (A-IOI through A-I05) are planned

prior to the first manned Apollo flight (A-I06). The tentative launch schedule

is shown on Table 15-3. The purpose of the unmanned Saturn-i missions are to

demonstrate and qualify the launch vehicle and CSM systems. Mission A-I02

(SA-7) is a backup mission to A-IOI (SA-6) and mission A-f04 (SA-8) is a back-

up mission to A-103 (SA-9).

Mission A-IOI (SA-6) Objectives - The objectives of mission A-IOI are:

Primary:

a.

b.

C •

Secondary:

a.

Qualify the launch vehicle.

Demonstrate the physical compatibility of launch vehicle and

spacecraft under preflight and flight conditions.

Determine the launch and exit environmental parameters to

verify design criteria.

Determine structural characteristics of the Launch Escape

System.
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b. Determine the tower separation characteristics.

c. Demonstrate the compatibility of the R&D communications and

instrumentation systems with the launch vehicle systems.

d. Determine operational suitability of AMR ground tracking

systems.

Mission A-I03 (SA-9) Objectives - The objectives of mission A-I03 are:

Primary :

a.

b.

Secondary :

a.

Qualify launch vehicle.

Evaluate operation of complete EDS.

Demonstrate satisfactory tower separation.

Mission A-I05 (SA-lO)Objectives - This mission is the final qualification

flight of the CSM prior to the first manned mission. The objectives of this

flight are:

Primary:

a. Demonstrate the structural integrity of the adapter and CSM

structure for flight loads to be encountered on manned C-I

flight.

b. Determine the operational characteristics of the SM propul-

sion system at zero "g".

c. Determine operational characteristics of CSM systems.

d. Demonstrate compatibility of production CSM with C-I.

e. Demonstrate recovery operational techniques.
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Secondary:

a.

b.

c •

Demonstrate the restart capability of the SM propulsion

system.

Evaluate operation of the fuel cells in an oper loop opera-

tion.

Evaluate operation of the guidance and navigation system in

an open loop operation.

Mission A-106 (SA-III) Objectives - This mission is the first manned

Apollo orbital flight whose prime objective is to demonstrate this capability.

Other objectives are:

Secondary:

a. Demonstrate proper operation of CSM systems with manual

control.

b. Demonstrate the capability of the guidance system for injecting

the CSM into earth orbit and operating in an orbital environ-

merit.

c. Demonstrate the operation of GOSS during manned operations.

d. Demonstrate the maneuvering capability of the Command Module

RCS during re-entry.

e. Demonstrate the capability of the complete recovery operation.

15-11 CONFIGURATIONS

Table 15-4 summarizes the Saturn-i configurations for missions A-IOI

through A-f06. Three Saturn-i manned missions are presently planned after

A-106, however, the objectives and mission plans are presently undefined.
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Table 15-4 SATURN-I CONFIGURATION SUMMARY

CONFIGURATION MISSION

Launch Vehicle

Command Module

Earth Landing System

Environmental Control System X X

Electrical Power System X X X X

Reaction Control System

Telecommunication and

Instrumentation System X X

Stabilization & Control System

Guidance and Navigation System

Crew Provisions

Crew Safety System

Launch Escape System X X X

Str. Str. Str.

Service Module Only Only Only

Service Propulsion System

Reaction Control System

Environmental Control System

Electrical Power System

Separation Systems

Adapter X X X

A-101 A-102 A-103

SA-6 SA-7 SA- 9 ' SA-8

BP-13 BP-15 BP-16 BP-18

A-104 A-105 A-I06

SA-IO SA-III

AFRM AFRM

009 Oll

X X

X X

X X

X X

X

Str.

Only

X

X X

X X

X X

X X

X X

X X

X X

X X

X X

X X

X X

X X

X X
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15-12 MISSIONPROFILES

The Saturn-I - Apollo mission preliminary profiles are summarizedon

Table 15-5.

15-13 SATURN IB MISSIONS

15-14 MISSION OBJECTIVES

A total of twelve, Apollo-Saturn IB missions are presently programmed

during the 1965 to 1968 time period. Nine of the missions are planned, and

three are reserved as spare or backup missions if required. Table 15-6 lists

the purpose of each mission and tentative launch dates.

15-15 CONFIGURATIONS

The first four scheduled Apollo-Saturn IB missions (SA 201 - SA 204) are

comprised of boilerplate Command Modules, production Launch Escape Systems,

boilerplate or airframe structure Service Modules, boilerplate Lunar Excursion

Modules and production airframe Adapters. The remaining missions employ pro-

duction airframes, with the LEM containing the ascent stage only.

15-16 MISSION PROFILES

The Saturn IB Apollo mission profiles are summarized on Table 15-7.

15-17 SATURN 5 MISSIONS

15-18 MISSION OBJECTIVES

Fifteen Apollo-Saturn 5 missions are presently programmed during the

1966 to 1968 time period. Six unmanned missions are scheduled prior to the

first manned lunar mission (SA-507). Table 15-8 lists the purpose of each

mission and tentative launch dates.
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15-19 CONFIGURATIONS

The first three Apollo - Saturn 5 missions (SA-501, SA-502, and SA-503)

are comprised of boilerplate Command Modules, Service Modules, and Lunar Ex-

cursion Modules, production airframe Adapters, and production Launch Escape

Systems, with only the tower jettison motor active. Mission SA-504 and SA-505

have production Command Module and Launch Escape System, boilerplate Lunar

Excursion and Service Modules_ and production airframe Adapters. The remain-

ing missions (SA-506 through SA-515) are presently programmed to employ

production airframes.

15-20 MISSION PROFILES

The Saturn 5 Apollo mission preliminary profiles are summarized on

Table 15-9.

15-23
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